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BIOLOGICAL AND ECOLOGICAL IRSPONSES TO IONIZING RADIATION

Background

A rigorous assessment of the biological and ecological effects of
a nuclear war would require more knowledge about the world than is now
available. Yet, once it is conceded that certain basic information about
nuclear weapon explosion phenomena, about the interaction between tile
explosion phenomena and units of the biota, and about biological systems
is known, then it can be argued that this available information may be
outlined and assessed with respect to at least the major effects ofnuclear detonations on biological systems. Thus the purpose of the

following discussion is to outline some of the major biological and
ecological problems that could arise in a nuclear war, to summarize
briefly some of the information (or lack of information) that has been
found and reported regarding these problems, and to outline views and
methods of treating these problems. In this presentation, only a minor
fraction of the available and potentially useful data are included for
illustrating relevant facts and concepts relating to the problem uwder
discussion.

To focus the discussion on major effects and problems, some general
definitions are made. Under the subject of biological effects, the major
concern is on the direct effects of exposure to ionizing radiation of
temporal units of the biota; the latter include cells, tissues, organs,
organ systems, and organisms. Effects of thermal radiation and fire are
not considered in this presentation; and blast effects are not considered
as part of the longer term postattack biological effects. Under the sub-
ject of ecological effects, the major concern is on the secondary effects
to functional units of the biosphere; the latter include populations,
communities, and ecosystems. The secondary effects, in contrast to direct
-fects, are disturbances and damage that may be caused by the direct
effects of explosion phenomena, but occur at a later time. Actually,
the functional units of the biosphere woýud be disturbed by the direct
effects of a nuclear attack but these disturbances generally would be
considered a sum of the effects on the temporal units; for clarification,
the ecological problems are separated from direct effect problems.

The characteristics of the biological functional units are closely
associated -with the climatic and other environmental features of the
Dart of the earth at which the units erist. Thus the distribution of
life over the earth attains familiar patterns in deserts, tundra, grass-
lands, and forests; areas in which human life predominates include farm-
lands and cities. Biological units in all these different areas over
tile earth usually have established integrated structure and function, a
metabolism, and a capacity for repair of damage; units and areas that
have well-integrated functional systems are called "ecosystems." Within
the context of this study, three types of ecosystems are identified:
(1) urban, (2) rural farmland, and (3) wild land. In this report, major
emphasis is given to the rural farmland ecosystems.J



In basic ecological studies (which are not tihe primary concern of
this report), much consideration is given to tile sources of energy on

which ecosystemns operate. The energy comes froiml two sources: (1) the

sun and (2) fossil fuels. The concept of a capacity for repair of dam-

age is always considered as a characteristic of any ecosystem. Those
ecosystems that repair themselves using only solar energy are called
homeostatic; these could include some wild land systems. The ecosystems
"that are maintained by man, using stored energy sources, are called

onollmoeostati.; these include the rural farmlands and cities. However,
since the advent of large-scale conservation programs, man has tended
to increase his dominance over all the economically valuable ecosystems,
including the wild land systems.

Pronounced opinions regarding the long-term ecological effects after
a nuclear war range all the way from the pessimistic view that the direct
damage of ecosystems would, in all, cases, escalate toward the complete
destruction of the systems, to the optimistic view that the inherent
repair and recovery mechanisms available to ecosystems are sufficiently
strong and would eventually prevail. The im.•ortance of biological and
ecological damage from a nuclear war, in either case, centers on the
premise that the recovery pattern of the industrial economy and the
social institutions would be possible only if recovery of tile biological
economy is possible. Following this notion, the extreme positions with
regard to biological recovery appear to be associated with divergent
notions about the nature and degree of the direct damage to the various
ecosystems as well as with divergent ideas about the repair and recovery
mechanisms available to the various ecosystems (with and without influ-
ence of" man).

Throughout history, ecosystems have been disturbed or damaged by
fires, by floods, by predator invasion, and by many other means, Platt
reports a generalized view about the reaction of natural ecosystems to
damage from past experience: "It is a well-established axiom in ecology
that nature will reestablish disturbed or destroyed natural areas by its
repair and recovery mechanisms. Equally well understood is that a great
deal of time i.s required for these processes, the time being a function
of the particular environment and the nature and severity of the distur-
bance. The degree of severity of disturbances in which repair and( re-
covery of natural ecosystems have been effectively denied in past exper-
ience is usually associated with cases where the damage (or the effect
causing the damage) is chronic or where the soil on which some of the
ecosystem organisms grow is removed. Examples of these two cases are
tihe Copperhill section of southeastern Tennessee where all the vegetation
was destroyed because of the continuous release of sulfur dioxide fumes
during copper smelting operations during the first part of tl'is century
(and the soil Eubsequently removed by erosion), and the Negev Desert
where flourishing civilizations lived thousands of years ago when the
climate and thle topsoil supported vegetative growth.

Thus perhaps thle major features of the long-term biological and
ecological problems resulting from a nuclear war, with respect tc severity
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of the disturbance and repair and recovery mechani.sms, are (1) specifi-
cation of the acute and chronic damage phenomena, (2) extent of tile
direct damage, (3) identification of repair and recovery mechanisms,
(4) damage leading to floods and soil erosion, (5) loss of economically
Valuable resources, and (6) influence of man in ecosystem repair and
recovery proceses, including the establishment of both preattack pre-
parations and postattack countermeasures,

In the following paragraphs, these six features are generally dis-
cussed in terms of the source of injury or damage (direct and secondary),
the pattern of the damage and recovery phenomena, operational criteria
(human), and general ecological considerations. The type of available
information applicable to each with respect to the role of man, animals,
plants, and insects is discussed.

Source of Radiological Injury or Damage

It is well known that. in a nuclear explosion, more than a hundred
radioactive fission-product nuclides and many additional neutron-induced
radionuclides are produced. This radioactive mixture initially consists
of radionuclides with radioactivity decay half-life values that vary from
a fraction of a second to many years. Most of these radionuclides emit
both beta particles and gamma rays when they disintegrate, so that the
presence of these two types of ionizing radiation in the environment
would result in biological damage to living tissue. The presence of
these radionuclides in an ecosystem thus would constitute a source of
radiological hazard from fallout to ecosystem species. The major radio-
logical hazard to man from fallout is known to be the external gwamma
radiation from deposited fallout; this fact requires special recognition
in both damage assessment studies and in civil defense planning.

Fallout particles from land-surface detonations, as nuclear radia-
tion sources, consist almost entirely of fused, sintered, and unchanged
grains of soil minerals and other materials present at the point of deto-
nation.2 Also present in the fallout particles are inert materials from
the weapon or warhead and radioactive elements from fission and neutron
capture processes. Roughly, the relative amounts of soil minerals, bomb
construction materials, and radioactive elements in fallout particles
are, respectively, (1) 1 megaton of soil per megaton of total weapon
yield; (2) the order of 1 ton of warhead materials per megaton of total
weapon yield (but variable around this value)- (3) about 0.06 ton (120
pounds) of fission products per megaton of fission yield (or 0.03 ton
per megaton of total weapon yield which is 50 percent fission): and
(4) about 0.05 to 0.1 ton of induced radioactive atoms per megaton of
total yield (the yield of induced radioactive atoms would increase as
the fraction of fission yield decreases).

Analyses of fallout particles from surface and near-surface detona-

tions collected at weapons tests in both the Eniwetok Proving Ground and
the Nevada Test Site show that the radioactive elements are either within
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the Interior of fused and sintored particles or atitached to the Pxterior

layers of all three types of particles. It Is known that larger fallout
particles are not formed by the condensation of vaporized soil; rather,
the larger fallout particles are individual r agglomerated particles
that were formed from either single soil grains or a fused mass of liquid
soil. These particles are drawn into the rising fireball and apparently
serve as collectors for small vapor-condensed particles and as condensa-
tion centers for vaporized fission-product and radioactive neutron-induced
atoms.

It is generally believed that the fallout fornuation process does not
begin until the fireball temperature (or the temperature of the gaseous
imaterial) has decreased to about 3,000°K, because at higher temperatures
all materials would tend to dissociate rather than condonse. As the
temperature decreases below about 3,0000 K, vapor condensation processes
should take place resulting iu the initial formation of very small liquid
particles. Sutch small partitcles are observed in worldwide fallout collec-
tions; they also have been obse~rved as attached particles on unchanged
coral grains in the fallout materials collected from weapons tests at the
Eniwetok Proving Ground.

As the fireball rises and cools, and as the crater materials are
drawn up into the fireball voltme, the thermal action at the surfaces
of entering (molten) particles should gradually change from a vaporiza-
tion process to a condensation process in which the less volatile fission
products condense onto and diffuse into the liquid phase of the particles.
In addition, the larger molten soil particles, as they circulate through
the fireball volume, would rapidly form agglomerates with a large fraction
of the smaller (previously formed) vapor-condensed particles. Particles
that enter the fireball volume at later times t.ay be heated to sintering
temperature or may be completely unalterod, thermally. When the temper-
ature of the surface of the particles becomes lower, the rate of diffu-
sion of the condensed radioactive atoms into the interiors of the parti-
cles should decrease so that the more volatile of the radioactive elements
that can condcnse only at lower teomperat tres would collect, and be con-
centrated, on the exterior surface of the particles. Also, radioactive
daughter atoms (even if not volatile) formed at later times from volatile
parent nuclides (such as the rare gas elements) would be concentrated on
the exteriors of the smaller particles. The degree of solubility and
biological availability of Sr-89, Sr-90, and Cs-137 strongly support
these views regarding the condensation process.

In general, two rather distinct periods,,of fallout formation by
condensation processes have been postulated.• In the first period, the
condensation of volatile radioelements is considered to occur by deposi-
tion onto and diffusion into large molten (soil) particles and by agglom-
eration with smaller particles. The radioelements thus condensed would
become fused within the volumes of the molten particles when they cool
and solidify. In the second period, the remaining volatile radioelements

would then condense onto the surfaces of relatively cold solid particles
(most of which are late-entering grains of soil).
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Because of the differences in volatility among the various fission*-
product elements, fractional condensat ion would be expec ted to occur
throughout th0 fallowil formation process. The significant radiological
property associated with the amount of a radioolemient that condenses

d during the second period ol formation is that the fraction condensed is
considered to be potentiallv soluble and biologicallyy availab)le for
assimilation by plants and animals. The more volatile radioelements in

ed fallout, in fact, have been found to be most soluble and more biologically
available than are the refractory vlements. However, the fractional
degree to which each element condenses in either period of condensation
is expected to depend very much upon the temperature at which diffusion
into the particle becomes limiting and tho condensing radloelement Is
concentrated in the surface layer of the particle.

If all the materials that were produced in a land-surface nuc lear

(detonation and all that entered the fireball volimic remained together for
the first 5 or 10 minutees after detonation, the radioactive compositions
and the subsequent radioactive decay (and nuclide solubility) would be
about the same for all fallout particles. However, it is known that all
the entering particles do not remain together in tile fireball and cloud
for such periods of time. Immediately after the fireball expands to
maximum size, it begins to rise in the air.r Tie upward motion of tile
hot gases sets in motion a large-scale toroidal circulation because of
the drag forces of the surrounding air. This toroidal motion, with cir-
culation velocities in excess of 100 miles per hour, is probably respon-
sible for pulling blast-loosened soil from the crater and crater lip into
the rising fireball.

The circulation of the particles in the toroid should result in an

earlier separation of the larger particles from the circulating volume(s)
of condensing gases and should, by centrifugal forces, move them to the
periphery of the toroid, When tile circulating particles reach the peri-
phery (or the bottom) of tile cloud and the pull of gravity begins to
exceed the upward drag forces of the air near the base of the rising
cloud, the particles begin falling to earth. Other particles of the
same size, not yet near the periphery of tile torold, may continue to
circulate for a much longer time before they leave the base of the cloud.
These views of particle circulation and formation are supported by (1) the)
relatively long period over which particles of a given size arrive on the
ground, (2) the relatively early arrival times for close-in fallout,
(3) the variation in composition of the radioelements on particles of
different sizes, and (4) tile variation in specific activity and radio-
element composition among particles of a given size.

The concentration of the volatile radioelements In the radioactive

compositions carried by the larger particles is generally found to be
low, This lower relative concentration could occur only through the
earlier ejection of the large particles from the volume of tile fireball
containing the radioelements (vapors plus small vapor-condensed particles).
In addition, the large fallout particles from many low tower detonations
do not contain or carry any soluble radloelements, and, therefore, these
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particles must have been ejected when their surfaces were still at a
very high temperature. Thum the toroidal motion is considered to be
partially responsible for the observed differences in the gross rad!o-
active decay and biological availability of different radioelements
carried by fallout particles with different diameters.

The toroidal motion which apparently causes early ejection (early

with respect to fall from the stabilized cloud) of the larger particles
also can cause prolonged apparent buoyancy of the smaller particles.
"The latter would circulate for longer times and, after cooling, would
remain in the volume to collect the more volatile elements on their
surfaces. Except for the fallout particles wIth diameters less than
about 50 to 80 microns, all appear to leave the cloud volume under influ-
ence of circulation.

Observed data on the properties of fallout from detoaiativons ati

soils similar to those of likely targets in a nuclear war are nonexistent.
In fact, only a few detonations in boLh the Eniwetok Proving Ground and
Nevada Test Site have provided useful data for the developmont of fall-
out models for land-surface detonations. The large yield devices were
all detonated over water, on coral atolls, or in the air. No evidence
exists today for proving that all types of information on fallout ob-
tained from these few weapons tests are satisfactory for use in develop-
Ing reliable models that are designed to give quantitative estimates of
the properties of fallout (and its distribution) from assumed detonations
of high yield weapons on targets in the continental United States. Per-
haps continued theoretical developments and concurrent supporting high
temperature experimental work are the only remaining methods for improv-
ing and evaluating the validity of some of the input data for currently
available fallout models.

The radionuclides in worldwide fallout are generally found to be
quite soluble, and all the radionuclides are, to a large degree, bio-
logically available, However, a fairly large number of fused-type par-
ticles are formed from the warhead or bomb materials as identified in
stratospheric collect•ons of bomb debris. A large fraction of the
worldwide fallout from a large-yield nuclear air explosion appears to
be formed in the stratosphere at some time aiver the detonation through
processes of coagulation and coprecipitation of the radioactive atoms
with the natural stratospheric aerosol particles. The latter, composed
mainly of water-soluble ammonium sulfate compounds, then serve as carrier
particles for returning the radioactive debris to earth.

In all types of dýtonation conditions, the form and properties of
the produced fallout are determined during the cooling period of the
fireball and cloud, as well as at later times for the decay products of
gaseous radioele.-.nts and for many other radioelements in airbursts that
produce the worldwide fallout. The materials that enter, or are in, the
fireball at these times are important factors in detcrmining the proper-
ties of the fallout particles. These formation processes set the stage
for all subsequent radiological interactions between the fallout materials
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and the biological and ecological onvironment lit which the materials

are deposited.

One of the chief difficulties in tLie pr edictiun or computation of
levels of fallout at a given location, in addition to the problems of
defining the fallout particle cloud source dWicusseed above, is tile analysis
and prediction of the wind structure as the major influence in distribut-
ing the fallout particles over the earth's surface. Other major factors
for which very little accurate data exist, especially for fallout from
large yield detonations over silicate soils, include (1) the variation
of the specific activity with particle size and (2) the influence of the
environmental material (soils and other likely target materials) on the
gross particle-size distribution of the fallout (i.e., by particle nutn-
ber, mass, or radioactivity content).

A comparison of several currently used fallout models (or fallout
pattern scaling systems) is shown by the relative areas within stated
fallout radiation rate contours in Table 1. The differences in the
areas enclosed by stated standard intensity contours among the various
computing systems for the two weapon yields and wind conditions are
generally not small. Assumptions regarding the fraction of the gross
fallout activity on particles of a given diameter and the locations of
the particles in the initial cloug source are likely major causes of
the differences among the models. The integrated activity in the fall-
out patterns within the I r/hr at 1 hr contour, for the two cases of
Table 1, gives the following values for thle radiatioD. rate conversion
factor (in r/hr at I hr per KT/sq mi):

Case A: WSEG-IMIlO - 1,500
ENW - 1,460
Anderson - 1,550
SFSS - 1,430

Case B: WSEG-RM1O - 2,500
AMCIN - 800
WB - 2,000 (approximately)
WSEG-NAS - 2.400

For Case U, the theoretical value of the conversion factor for unfraction-
ated fission products is 3,600.2 The parameters and data relating to
the evaluation of the conversion factor from measured quantities on the
fallout from Shot Small Boy in Operation SUN BEAM are discussed in Ref-
erence 8.

Four additional types of radiological hazards to biological species,

in addition to the more general external hazards from gamma radiation,
are known. These are (1) the contact hazard, (2) the inhalation hazard,
(3) the beta-field hazard, and (4) the internal hazard from ingested
radionucl ides.

7



Table 1

"RATIO OF AREAS WITHIN STATED bTANDAIID INTrENSITY CONTOURS
FOR FALTAgPr PATTErRNS COMPtTPED FRClV VARIOUS MODgLS

REIATIVE TO '111OSE FROM THiE WSEG-RMIO MODEl .A,

Standard Intensity
(r/hr at 1 hr)

Model Designation 1 10 100 L, 00

Came A. 10-MT yiold, 15 mph wind
speed (100 percent fission)

ENW (1951) 8.66 1,86 0.70 0, 62
Anderson2 1.40 1.14 1.00 0.96
Simple Fallout Scaling Syitem 0.67 0.71 0.813 1,10

Case D. I-MT yield., 25 mph wind tpeed,
0.2 knots/103 -ft vertical
shear (100 percent fission)

ALVIN 7  0.15 0.18 0,26 0,57
WR (1962 ENW) 7  2.16 1.18 0,67 0.40
WSEG-NAS 7  1.96 1.36 0.87 0.60

a Standard intensities calculated from WSEG-RM1O Model were first
multiplied by 0.56 to account for terrain shielding and instrLuent
response for the 10-MT-yield weapon fallout pattern

b From Reference 4
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The oontact hazard (,qoinotimes oalled the beta coant. htazard) could
develop in sitUfationt; where fresh falloukt particles remain in contact

with the skin oJ l1anu'me , animals. innects, and plants for some 01priod of
time. For hnai, tlis type of t'Xpotture could be avoided ea.ily by wlp-
Ing or brushing fallout particles from exposed skin Th6is hazard would
develop only during fallout dqposition and shortly tlhereafter. It times
after attack longer than sevoral days, the fallout particles would no
longer have the radioactive content necessary to cause serious damage
to skin tissues. 9?ne data have been roported on the retention of par-
ticles bylhtnan8. ' Some data have been obtained on skin doses to
animals; however, no reliable correlations of such data with fallout
dpositloii levels have yOt be(un Biade, although uhnverlfiod relationships
between the two have been propo.;od.12 No cemputations or experimental
1ma1guroments have been made of the contact dose to plants, although datA
on the retention of fallout particles by the fol.af of 5)atly different
types of plants have been obtained and ruported.'

The inalati~toni hazard is associated with thU iiiluilat ton and dposi-
tion in the respiratory system of Small fallout particles of a narrow
size-rango. All the available data oil exposure of animals In fallout
areas at weapons tests and in laboratories, on air filter samples in
varlous fallout onviroanments, and oil fallosit particle restupunsion in
air give negligible results for the inhalation hazard. Therefore, thle
inhalation hazard is considered to be a minor one relative to other pos-
sible radiological hazards.

The beta-field hazard (sometimes called the 'beta-bath" hazard) could
occur in certain confined radiation source geometries for hamans. 'the
bota-field hazard, however, would be expected to be severe for small
plants, small animals, and insects whose habitats become covered with
the deposited fallout partlcles. In suoh ieometries, the beta-to-gamma
ratio (i.e., the rad-to-roontgen ratio) uould generally be between 30
and 100 for fallout radiation compositions similar to those of post wea-
pons tests. No mathemat ical models on the 'Jeta-field hazard to small
plants and anlimals or insects havo been reported, and none are knownt to
exist tor use in d.mage arsissuent studies of n cleur wair. 11owover. some
related work on this hazard has been reported. 13,.14 The combined radio-
logical hazards: the external gamma, the contact, and the beta-field, for

plants, animals, and uiS•-c(ts should be considered in future research in-
vestigations.

Contaminat ion Phenomena

Certain types of Information on tihe contamination of various kinds

of exposed environmental material-,s, objects, and biological materials are
needed in the description of a radiological environment. Some of these

typos of information on Contamination phenomena and their relative awil-
ability are stimmarized below.
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8trueture Contaminsttion
E_

J.osontuaily nso dita tire ava&ilable on tihe contaminat[ott of urban-type

otructtures and urban geomet:rieo by real rallout; some related data were
obtained in Costa Rica whore tile- reteiotion of volcanic partloles on roofs

was observed.9, 15

well'rite influenoe of urban orea geometries ont fallout deposition Is not

well knowyn. lowever, from observations in Costa Rica, At is expeited
that sloped roofs would not retain large particles for any long period

of time if they are deposited in a dry state when the surfaoe wind speed

is more titan 5 miles per hour. Under dhup conditions and low wind speeds,
the retention would be expected to l.Pe relat-tively high. Eave troughs, the

lee side of roof peaks, crevices in the roof surface. and any roof ArOas

protected fro-n wind are locations whore the deposlted pairti.clev would
S~~ten~d t~o •tclzuitlute.

The el'fect of fallout deposition patterns, (roof versus ground) on
tbuilding shielding factors Is not known or generally considered In the
computation of radiation protection factors.

The effect of natural processes of roof decontamination, duoe to
wind and rain, on building shielding factors and thle surrounding radiation
fields is not well known, quantitatively. Por flat built-up roofs of tar
and gravel, howover, the effect of moderato wind spveds in avcomplishing
roof decontamination has been fotund to be snmall.

Paved.Area Contamination

Essentially no data are available on the decontamination of st,,eots
and roads by rain. However, it Is expected that light rains would facil-

Itate thle leaching ol soluble radionuclides from deposited fallout par-
ticles and the transport of these radionuclides to pavement surfaces
where they could be ohemiisorbod; heavy rains would bo expected to wash
many ?& .out. pa-.icloes froW Cioped stcrfaces. as was observed in Cost-a
Rica.

Winds, with speeds in excess otf 10 miles per hour, move particles

with diameters between about 100 and 300 microns more effectively titan
they do other larger or smaller particles.17

A few data on the effect of wind erosion have been obtained. Radla-

tion fie_ . reductions of a factor of 2 have boon oberved, In Costa

Ric•, the wind and traffic tendd to move the volcanic particles to the
gutters along the stroet or to the edge of parking lots where the part!-
cles accumulated II the grass, weeds. or gravel.
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LaInd At'ea and 40oi ContomInatt.oll

""a lout pfirticl os deposited on open land areas and on bare so) I
are not foutod to be moved significantly by w*ilde.

JntaegeV- fatllout particles are not expected to be moved by rain
except where tOe soil Itself iA waslwds away, tko III he|vy rains; the
larger particles, after several yoara on undiaturbed land, probably
never penetrate more than 1/4 to 1/2 inch into the soil. Solublo
radIoo0omouts thlt leach from the fallout ptrticlous from land-surface
detonations or that are deposited as worldwide fallout from high alti-
tude detonations do penetrate into the soil to some degroo (sou Table 2)>

The average roduction in radiatlon InLiunsity, owing to the aurface
roughne&ss of the terrain 1. cortain open areas of the weapons test site
ilk Nevadnt, is about: 0.68.

The rate of poxentration of Sr-90 into soils is reported to L" So
slow that no ovidenoce was tot(d to show stignificant vortical movement of
the Sir-90 tftoet initial deposition over a period of 8 years.

Abouit 85 to 90 percent of Cs-137 M worldwide fallout Is reported
to remain ill the top 2 inohes of soil.

The shallow penetration of soluble nuclides into the upper layers
of undisturbed soil is expected to redtio and delay the assimilation of
radionuolides in deep-rooted perennial plants and their fruits.

Ti'o deposition of worldwide (and, perhaps, local) fallout in heavy
rain results in fractional runoff of soluble radionuclides. However,
the available data on this loss from land masses in drainage systems
are scarce; some reported data are shown in Table 3 for various onviron-
mental conditions.

The radloolement, Cs-137. absorbs on Soil much more strongly than
dn-_'ia St90.

Water Contamination

Akialyi)ts of river waters and of the deposition of Sr-90 in world-
wide fallout for the Ohio River basin indicates that between 4 and 12
Iprcent of the Sr-90 deposited in 1969 was carried into river waters.
Observed concentrations of Sr-90 and Cs-137 from world,,ide fallout in
lake and river waters (up to about 1961) are reported as being 0.1 to
1.0 picocturles per liter fot o,'-90 and 0.05 to 0.2 picocurtes per liter
for Cs-137, with a yield ratio of 1.7; the concentrations of Cs-137 tire
thus lower thati those of Sr-90 by fautors of 7 to 15.

Estimates of the yearly worldwide fallout deposit that eventually
finds its way to the sea through runoff waters have been reported to be
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Table 2

PENETRATION OF SR-90 IN NEW YORK AREA SOILS IN 1 9 5 8 a

Layer Fraction of Radioactivity in Soil Layer
Depth Dark Loamy Yellow Yellow Pale Brown Pink

(inches) Gravel-Sand Coarse Sand Sandy Loam Silty Loam Sandy Loam

0-1 0.33 0. 49 0.62 0.73 0.71
1-2 0.24 0.23 0.14 0.13 0.18
2-3 0.13 0.09 0.06 0.06 0.05

3-4 0.16 0.07 0.05 0.03 0.03
4-5 005 0.05 0.03 0.02 0.01
5-6 0.01 0.04 0.02 0.00 0.01
6-12 0.03 0.04 0.04 0.01 0.00

12-18 0.03 0.03 0,02 0.01 0.01
18-24 0.02 0.02 0.02 0.01 0.00

Depth for
0.5 of Total
Activity
(inchet) 1.7 1.0 0.7 0.5 0.5

a From Reference 19
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Tab le 3

FRACTION OF SR-90 IN TIl'E IUNOFF WATER FROM CROP TAND'.

Fraction of DeposJted Fraction in tile Rlunoff

Sr-90 in the Runoff Water per Water
Crop Runoff Water Inch of Rainfall (inches)

LaCrosse, Wisconsin; 16 percent slope;
March-August 1957; Fayette silt loarm

Corn 0.045 0.0020 0.93
Oat 0,041 0.0018 1.25
Clover"b 0.0035 0.00016 0.15

Tifton, Georgia; 3 percent slope;
March-December 1957; Tifton loamy sand

Corn 0.014 0.00034 1.32
Oatb 0.0044 0.00011 0.37
Peanut 0.014 0.00035 1.20

a From Reference 21
b Ground cover established before the measurements were started
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23
between 1 to 10 percent for Sr-90 and 2 to 6 percent for Cs-137. The
amount of local fallout in the runoff water would be expected to be less

than these percentages.

The ratio of Sr-90 concentrations in well water to those in surface
waters (from worldwide fallout) has been reported to be about 0.03.23,24

Ho/evter, the supply of data is meager for this ratio: the ratio may be

tnaocurate because the sources of the concentrations are not known.

The larger fallout particles in loc'kl fallout will fall to the
bottom of exposed water supplies. Small particles inay be suspended;
the soluble nuclides would be expected to be dissolved initially into
the water. Very few data are available nn the contamination of real
water sources by local fallout.

No data are reported on the amount and rates of depletion of radio-
nuclides in fallout from water due to adlsorption by bottom materials,
assimilation by aquatic plants, or dilution by rain.

Data on the movement of radionuclidos iii streams are extremely
scarce.

Plant Contamination

Some fragmentary data on the external and internal contamination of
plants by worldwide fallout are stmimarized in Reference 23. Available
data on the external contamination of plant foliage obtained at field
tests and in Costa Rica are summarized in References 9 and 10.

Animal Contamination

Cattle were contiaminated with fallout from Shot Trinity (1945) re-
sulting in an estimated skin dose of 39.000 rads in 2 weeks. 11 Data on
other such events are not generally available.

No reliable method exists for estimating the degree of the contact
hazard for animals exposed to fallout during deposition.

Internal contamination data from worldwide fallout are illustrated
by the summaries in Tables 4 and 5.

A summary of some avai I xble data and the discussion of that data
in terms of animal assimilatiot, model(s) are given in the second section
of this report.

Human Contamination

The contamination of hIlwans by fallout fron nuclear explosions is
a possibility that often has been overemphasized in past civil defense
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Table 4
0 o

DERIVED VALUES OF CONSTANTS Ai AND B,
FOR WORLDWIDE FALLOUT SR-90 CONTAMINATION

OF MEAT, POULTRY, AND EGGSa

b
0 0

Ai B

atoms/gm, 1 atoms/gmt
Food atoms/sq ft-month] atoms/sq ft

Beef and pork 2.8 X 10-5 0.31 X 10-6

Poultry 5.9 X 10- 5  0.47 x 10-6

Eggs 4.3 x 10"5 1.8 X 10-6

a From Reference 23

b These values are six times the 6-month average values;
0 o o

AI was determined by taking Al/B equal to 15 for beef
and pork and 20 for poultry, as based on the 6-month
ratio averages for many of the food sources of these
animals. The constants are for the relationship

C1 (atoms/gm) = AiN (t) + BON'
i i i i

where Ni(t) is the average number of atoms/sq ft
deposited per month and Nli is the total number of
atoms/sq ft deposited up to July of the year.
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Table 5

SIUMARY OF D1ERIVED VALUES OF A0 AND B 0

FOR WORLDWIDE FALLOUT SR-90 AND CS-137 CONCENTRATIONS IN MILK

A. BW
1 1

atoms/liter atoms/lita.
Reference atoms/sq ft-month/ f t

Sr-90

USA selections 2 6  O.12 a 0.0037

USA selections 2 6  0.073 0.O0032

New York 2 6 0.14 0.0022

San Francisco 2 6  0.14 0.0012

Average 2 3  0.16 0.0034

Cs-137

Midwest USA 2 6  0.42b -0

Six-month rate times six; see Table 4 for definition of A? and Bi

b Assume Cs-137/Sr-90 = 1.7
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and other weapons effects literature relative to the early-time external
ganmna hazard. A small amount of data on the contamination of hair. hands,
and clothes by airborne particles was obtained in Costa Rica. 9 '1 0 ,25

'rie major historical reference incident it wtich the effects of the
contact hazard were evidenced is the exposure of the Marshallese in
1954.27 It is expected that this hazard would be much less severe in
western countries where the dress habits and personal hygiene nabits are
different.

No reliable method exists at the present time for estimating skin
contact hazards in variotts nuclear war conditions of fallout; the esti-
mating procedures for c(oputing contact doses for fallout situations
suggested in Reference 12 are probably not suitable for fallout conditions.

The data on the assimilation of radionuclides by itimans are discussed

in all sections of this report; both the accuracy of the data and their
interpretation regarding consequences are subjects for further study,
research, and analysis.

The OR values (i.e., the ratio of the relative concentrations of
Sr-90 and Ca in tissue to that in the diet) for uptake of Sr-90 in human• 3

from food source contamination by worldwide fallout have been evaluated.
The OR values are as follows: (1) 0.3 for whole body/diet; (2) 0.5 (0.44
to 0.54) for blood/diet; (3) 0.22 (0.16 to 0.29) for bone/diet; (4) 0.1

for milk/diet; and (5) 0.6 for fetus/mother.

Patterns of Damage and Recovery Phenomena

External Ganma Radiation

The delivery of the external gamma radiation exposure dose to bio-

logical species at given locations in r fallout field is ge.,erally lIn
the form of an acute or short-term damage phenomenon. For example, at
many locations in the country that would receive heavy fallout deposits
following a nuclear attack, about 70 percent of the exposure dose would
be delivered in I week, and over 80 percent would be delivered the first
month after the attack. 2  In 1 year, the gamma radiation from the fission
products is about 6 X 10-5 of the standard intensity (r/hr at I hr); thus,
for very high fallout levels (order of 105 r/hr at 1 hr), the chronic
exposure dose rate would be between 1 and 6 r/hr at 1 year unless apprec-
iable decontamination by weathering or by humans occur-red.

Although small areas of the country that received heavy fallout
deposits in an attack may have appreciable levels of chronic radiation
rates after a year's time, the major damaging effects on biological
systems would be caused by the high exposure dose delivered during the
first month or so after an attack. Therefore, in terms of an ecosystem
time-scale, the injury is primarily the result of an acute assault rather
than a chronic one. However, this use of the term "acute" is not precisely
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the same as in used for experimentally determined acute exposure dose
effects on a single biological species. In the latter usage of the two
terms, the real pattern of the accumulation of external dose from fall-
out radiation is neither acute nor chronic; further, in most experimental
evaluations, the biological response to chronic exposures is usually
determined for a constant exposure rate.

The usual pattern of dose delivery in experimental evaluations of
biological responses to radiation exposures is not similar to the pat-
tern of dose delivery from radiation exposures in fallout. Because a
given biological response is obtained in experiments from widely differ-
ing total exposure doses, depending on whether the pattern of delivery
is acute (very short) or chronic, the response data from these experi-
ments are not readily applicable to the pattern of dose delivery from
fallout radiation. Because of these differences, many questions arise
about the application of currently available biological response to
exposure (loses from fallout radiation; although this difficulty has been
recognized for a long time, appropriate attention to it has not yet been
reflected In the data output of experimental programs. Experimentas
biological response data for the exposure pattern from fallout radiation
are therefore still required for evaluating the radiological consequences
from nuclear attacks.

Other areas of biological response to radiation exposures that need
experimental attention appear to be (1) biological response to variable
intermittent exposures; (2) biological functional responses (i.e., work
efficiency, general health, susceptibility to other diseases, etc.) to
long-term exposures to low-level radiation; and (3) increased efforts
on basic experimental programs for determining and evaluating biological
repair and recovery mechanisms. These general data needs apply to all
important biological species (humans, animals, plants, and insects).

The current state of knowledge on the short- and long-term effects
of radiation on humans has been s~umarized;5,23 these subjects are not
discussed further Ili this report. The use of the effective residual
dose, ERD, 1 2 in damage assessment studies is discussed below.

The radiation sensitivity of several higher vertebrate animals is
summarized in Table 6 in terms of the LD 0 (50 percent deaths) in 30 days
for a brief exposure to gamma rays. Although it is assumed that the data
apply to a multilateral radiation source in which the whole body of the
animal is exposed to radiation, this exposure geometry is not specified
in the referenced reports. For unilateral or beam radiation sources. the
value of the LD5 0 /30 days would be higher than for a large area source
of radiation, Also, the mean photon energy of the radiation sources used
to obtain the data is not specified; the data probably consist mainly of
results of experiments using Cs-137 (0.7 Mev/photon) and Co-60 (1.25
Mev/photon) sources.

When a biological response is expressed in terms of dose, such as
the LD5 0 , and also in terms of the time required for the response to
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Table 6

X-F R-3SPONSE O0' ANIMALS TO BRIEF RXPOStURES
IN EXfERNAL GAMMA RADIATION FIELDSIN TERMS OF THE LD5 -N 30 DAys4

t 50
LIoI

3 
Spec l es (reen t ens )

Dog 280
Guinea pig 340
Goat 350
Mouse 440
Swine 510
Sheep 520
Cattle 540
Rat 640
Burro 650
Monkey 760
Rabbit Soo
Poultry 900

a From References 11, 28, 29, and 30;
tile listed LD5 0 /30 values were Usedill the calculations described illthis report. Other LD50/30 values,differing from those listed by as
much as a faclor of 2, are reported
in References 93, 94, - 0
of these are: dog, 319; sheep, 330;burro, 375; swine, 390; rat, 936;
and mouse, 940. The basic causes ofthese differences remain to be
clarified.
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occur (i. u.o LDI00 It 30 days), the value of tihe dose .s increasod for
an equivalent response in a shorter period. Thus the value of a1 bDU5 0

in 10 days is generally much larger than the value of an LD5, in 30 days.
Also, if the exposure is at a lower doso rate, the exposure dose giving
an indicated response is larger than for the brief, or acute. exposure
as mentioned above, For example, where the LD5 0 for the burro for a
single exposure is 780 roentgens, the) valuv of the burro LD5 0 at a con-
stant dose rate ox about 50 roentgens per day is 1,500 roontgens; for
the pig, the two LD5 0 values are 610 roontgens per expostue and 8,500
roentgens at 50 roentgens per day, respectively. 1 1

Mortality-exposure dose relationshi ps are usually derived from blo-
logical response data using standard error curves; the latter are then
used to determine the ,Il)5O values (or other responses); the dose is
expressed either directly in roentgens or as logarithmic units of the
dose . For most animals, the mortality-dose distributions are very nar-
row: 2 thus the dose at which 100 percent mortality occurs is only a
relatIvely small Increase in dose over the thresh'old dcose for moetality.
Thus, It damage assessment studies, the U)SO for such species can be
used as a step function separating the survivors (including those receiv-
ing sickness doses) and those killed. However, for the pattern of ex-
"posure dose accumulation for the gamma radiation from fallout mentioned
above, no reliable guidance is available on the time limit (say, in excess
of 2 to 4 days) on the computed exposure doses that can be used to make
reliable comparisons with the reported biological response (such as the
LD5 0 ) for a brief dose. In addition, the extension of laboratory data
to operational situations (even for animals) requires Information about
variabilities in responses due to the differenoes in age, state of health,
aod other such factors for application to a heterogeneous population.

The dependence of the LD and other biological responses of animals
during and after exposures to 5 ?onizing radiations on the energy of the
radiation, rate of dose accumu3Ation, time of exposure, and other factors
is reviewed in detail by TrLit; data are' cited to illustrate the influ-
ence of type and quantity (i.e., energy) of radiotion, total dose, dose
rate, dose fractionation, relative biological efiectiveness, animal
species, and animal age on the response (especially) of the mammalian
animals to radiation. Physiological factors are also involved in the
response but, as mentioned above, their nature and effect on the response
are not known.

A few 50 percent mortality values for brief exposures of fish and
shell animals are given in Table 7. Although it is unlikely that sea-
water fish would receive lethal doses from fallout in a nuclear war,
further analysis should be done to verify that lethal expo.'ires to fresh-
water fish (or aquatic animals that live on harbor or beact bottom) would
also be au unlikely occurrence.

A few data representing the mortality response of insects to ganmma
radiation are given in Reterences 5, 14, and 31. For insects, it is
especially important that the radlosensitivity and response be known
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SThable 7

LD 5 0 /30-IDAY DOSES FOR B3RIFF EXPOSUIRS
OF FISHI AND SHELL, ANIMAIS'(

LD 5/30 lhyv

Species . (rads)

Adult fish 1,000- 2,000
Crustacean 800-100,000
Moilusc 4..000-500,000

a From Reference 11
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for their whioli• ie cycla, so that the eiffect of exposuro to nuolear
radiatiOn Oil th01 Whole popuation call be VvaluLaod. WiLh inects, this
ruirement is mOre important than for othox' cpies bacause ci the ra-
pidity of thoI ruproductivo process and of the estreme rangs in rnd1O Jlo
sitivity of -Some stp<cles over, L11Vkr' MUI cycle. 11'hu1, for* pots•t t thit
8egmnet of the biosphoro, tile 'acute timo pattern of tile radlation injury
(i.e, about 2 to 4 weeks) ooold be. In effect, -tinillar to a chronic, or
long-term, injury for other biological spetqwi,!.ý

"t )uta on tile re o0l,90 ofl Insects to beta radiation are needed because

0o tue proximity of many of tile ionseot species in their habitatv oil tile•
ground or on low vegetation where the fallout particles would deposit.
Since rad-to-rountgten (at 3 feet above a plano dource of emitters) ratios
of 10 to 100 are poss ibl•e rr the radiation source geometries In whlclh
many iSvC1:s live and ent, their beta doses coOtld be Vekv largo compared
with those for the larger animals. Although the beta particles would
not penetrate tile shells of many Insect species, not all iln~ect) Arre
ocmipletely surrouinded with thick-shel!.ed exteriors, Mnid, even so, the
soft photon and broiisstrahlung Intensities also would be incroaseod inany-
fold at close range from tile fallout particles.

The reported biological response of insects, mainly for X rays, is
very limited in scope. It is quite likely, moreover, that the available
reported data are not applicable to gaumma radiation from fallout; tie
reported data, as mentioned above, are definitely not applicable to those
species where the combined beta-gamnma radiation should be considered. No
biological response data appear to be available on the radlosensitiv',tv
of several important ubiquitous insects. Research on the biological
response to radiation for these units of the biosystem are needed to
evaluate tile role of insects In the postattack repair and recovery of
rural and wild land ecosystems.

The response ot plants to nuclear radiations (especially external
gainbha radiation), called radioseasitivity, is manifested in several ways.3 2

'rhese Include (0) ge--tic effect.s that may be recognized only in subse-
quent generations, (2) inhibition (and, occasionally, stimulation) of
growth, (3) reduction of reproductive capability, and (0) death. That
is, ionizing radiation of appropriate exposure doses and exposure patterns
can increase, slow down, stop, or alter the subsequent patterns of plant
growth Some of the specific known factors involved include (1) the
exposure schedule (acute, chronli, or fractionated), (2) tile plant part
exposed and the geometry of exposure, (3) tile plant species, (4) tile
stage of plant development. (5) the physiological condition of the plant,
and (6) tile climate and other environwental conditions (soil, fertility,
etc.).

Needless to say, very little quantitative data on the basic relation-
ships among these six factors on plant radiosensitivity have beeni studied
and reported. Sufficient data are available for identifyint: the more"
radlosensitive plant species and the characteristics of o•acih that influ-
ence its response Lo radiation.
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SSom of the easi y obieri-vablv biologival res:1)OI.icV of plant partS
(all 1art.s In xli bit t'e;ponwo) are: (1) r(t11 -edtict on of gi-owth and

Sinhibition of now root formation; (2) stemo-dwar'irg. excess.ve brni,'h-

itng, local swellltlg fitictatJozI, (onientritc of adventitlotts roots, and
tnullor growth; (3) !.Mve'•S--re.dtM:td blhade dove.lop.e.ntl, dwarfling (asyiftictrjcal

bladea), abnorwal volliaioli, dcvi;un lit chlorophyll (discoloration), and
change in texture (older loaves become dry, brittle, ond coarse and young
leaves thickon and become leathory); nnd (4) buds and flowers--retarded
formatlon, reversion to vegetative growth. fasciation. and changes ill
color and form,

Notable changes ill plant growth habits after exposure to ,rltital
doses of radiation inelude the early dropping of leaves (deciduous trees)
and tile retardation of bud and new-shoot formation. The reduction i.n
reproductive- capability aftor exposulre is related to tie effect oil vuge-
tative growth (plant vigor), tihe retardation of flowering, and the direct
damage to the parts Qf tile cell:; thiat participate in the reproductive
cyCles of the plan-". The extrome omblinattion oti al! ti•e valtloilm rtd-
lation damage manifestations rvsultv in death of the plant.

The relative radlosensitivity of plants r-anges over a factor of at
least 5,000 from algae and bacteria, whilch are. the most resistant or
least affected by radiation, to the gymnosperms. which are among thle
most radiosensitive of tile plants. Among the higher plants, the range
in chronic, or protracted, doses to produce a similar biological response
is tile order of a factor of 500.

Tho reduction of vegetative growth of plants after exposure to
nuclear radiation is apparently caused mainly by a reduced rate of cell
division: since reduced growth is usually the first gross observed effect
of th1e exposure, it is 3 •elieved that the apical meristem regions are
highly radiosensitivh The radiosensitivity of young growing plants
is probably highest. Growth retardation appears to have a threshold
dose; mtuch of tile plant growth retardation data can be represented by
a eIutuion of the f3o'lll

G G exP 'kD(l) - D)J (1)

where 0 is the growth characteristic for an exposure (lose of D roentgens,

GO is the charactoristic for the controls (zero close), D() is the threshold
dose, and kD is a growth retardation coofficlent. Some valtles of kl) and
DO for different plant species, as derived from rcoorted data, are shown
in Table 8.

Basic relationships between plant cell nucleus characteristicsgind

radiosens tivi ty recently have been derived by Spavrow and WoodwelP1L

from correlation.: between these characteristics and data on the response
of plants to external ganmit radiation. The cell nucleus variables include
(1) cell nucleus or chromosome volume. (2) cell nucleus I)NA content,
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Table 8

ESTIMATED PLANT RETARDATION THRESHOLDS
AND GROWTH RETARDATION COEFFICIENTS

FOR SOME PLANTS EXPOSED TO GAMMA (AND X) RADIATIONa

k D Time of
-1 o Total

Species Response (roentgens ) (roentgens) Exposure

Pinus strobus
(seedlings) L-eader length growth 4.6 X 10 910 15 months

Taxw.x med. cv. -3
ha;tieldii Number of growth buds 1.3 X 10 850 12 months

Quercus alba Number of leaves 2.3 X 10-4 5,500b 6 months

Pinus regida Terminal growth - 360 6 months

Quercus alba Terminal growth - 1,800 6 months

Wheat

(seedlings) Growthc 250c acute dose

a From References 32, 33, 34, and 35

b Cs-137 source; unmarked numbers are for Co-60 source

c Maximum growth retardation occurred for exposures at 2 days after
germination; X-radiation

24



(3) chroi'.osome nunber and ploldy, and (4) other cytological characteristics
such as the number and position of centromeres in the chromosome and the
amount and distribution of heterochromatin. These and other factors that
affect the reproductive capability of plant populations after exposure
to gamma radiation a-e discussed in detail in Reference 32. Empirical
correlations of the relative amounts of chronic exposure dose that cause
different types of biological response in herbaceous annuals are given
in Table 9; such correlations are useful for estimating the exposure
doses for different plant responses (during the period of active growth,
meiosis, and seed set) from infortuation on the exposure dose for any one
type of response.

Low levels of radiation are often observed to cause growth stimula-
tion but no proposed mechanism for this stimulation was found reported.
Also, low-level radiation of seeds is often found to result in an increase
in crop production. The quantitative aspects of these biologically favor-
able responses were not investigated during this study.

In general, the currently available reported data on the radiosensi-
tivity of plants provide much useful basic information regarding the re-
lationships among plant responses to radiation and their cell, nucleus
characteristics. The quantitative response data, however, do not apply
either to the dose rate variations with time that would be characteristic
of fallout from nuclear weapons or to the duration of the external gamma
hazard from fallout. Also, the effects of beta radiation on growing
plants have not been determined. While it may be appropriate to neglect
the consideration of beta radiation effects on the larger plants, the
same is not true for smaller plants. The proximity of fallout particles
to sprouting cereals, grasses, and other small plants with thin-shelled
stems would certainly cause these plants to be affected by the short-
range beta particles. On the other hand, many data on the response of
plants to gammua radlatloxh•s have been obtained on the more sensitive
seedling plants. Even with ganmma radiation studies, relatively little
or no work has been reported on the effects of radiation on the produc-
tivity and properties of standard food crops under field conditions;
however, work has recently been initiated to study such effects. More
realistic representation of exposute patterns that could result in fall-
out environments and emphasis on economically valuable plants are needed
in future research programs on the radiosensitivity of plants.

To be useful in t.amage assessment studies, the sensitivity data on
plants should include (1) exposure dose rates that decrease with time in
the same way that the dose rates from fallout decrease, (2) the employ-
ment of exposure schedules that are initiated at various stages of plant
growth, (3) the use of multilateral exposure configurations (fallout
geometry), (4) the use of exposures starting at different seasons or
times of the year (as in 2), and (5) beta plus gamma radiation exposures
on selected plants.

Many environmental factors can affect the response of plants to
ionizing radiation, These include (1) the geometry of the radiation
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Table 9

PLANT RESPONSE RELATIVE TO MORTALITY (LD10 0 )
OF HERBACEOUS ANNUALS FOR CO-60 GAMMA RADIATIONa

(Exposure Times from 8 to 12 Weeks)

Fraction of
Response LDIO0 Dose Rate

Normal appearance 0.11
10 percent growth reduction 0.26 t 0.02
Failure to set seed 0.31 ± 0.06
50 percent growth reduction 0.34 t 0.04
Pollen sterility (100 percent) 0.411 ± 0.04
Floral inhibition or abortion 0.44 ± 0.04
Growth inhibition (severe) 0.58 T 0.03
LD5 o 0.75 0.02
LD1o0 O1.00

a From Reference 32
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fiold; (2) the location of the more radiosensitive plant parts (the meri-
stems) with respect to natural shielding (roots are shielded by the earth
over them); (3) shielding by snow or other denser vegetation (stich as
large trees), the general density of plant growth, and the height of the
plant tops; (4) the type of ionizing radiation and its energy; (5) the
growth rate or rate of cell division; (6) climatic stresses (drought,
heat, cold, etc.); and (7) insect and disease attack.

These factors should also be considered in future experimental
programs to some degree. All are difficult to evaluate individually
and without experimental data; some information on each factor iv needed
to make crude estimates of the fate of plant populations in possible
nuclear war fallout environments.

In si•mmary, the current information on plant radiosensitivity indi-
cates that correlations of the responses of plants to external radiation
with plant cell nuclei characteristics have successfully revealed methods
for estimating the response of other plants from their cellulan character-
istics, at least under certain types of protracted exposure cona.,tions.
On the negative side, correlations and data for describing the response
of plants (especially food crop plants) to short exposures and variable
dose rates similar to those from fallout radiation dose rates are rela-
tively scarce. Rough comparisons of the plant radiosensitivity data
with the pattern of exposure doses from fallout radiation indicate that
the severe plant growth inhibition in the more radiosensitive plants
would begin at levels of about 1,000 r/hr at 1 hr and, for the more
radioresistant species, at levels of about 500,000 r/hr at 1 hr. However,
germinated seedlings (small young plants) appear to be most radiosensitive
a few days after germination; for these young plants, severe growth in-
hibition effects are observed to begin at doses of a few hundred roentgens.
In older plants, the most radiosensitive tissue is that in the new young
growth of the plant.

Because of the variability in radiosensitivity of plants with species,
age of plant, and period between growth and reproduction cycles, the
gross effects in plant population from exposure to gamma radiation would
depend a great deal on the time of year, and, perhaps, of month, when the
attack occurred. It would also depend on the targeting for many agricul-
tural areas; the midwestern state areas, for example, could receive high
levels of fallout from surface detonations on missile sites In neighboring
states and in the Rocky Mountain area.

Internal Radiation

The pattern of radiation exposures of humans, animals, plants, and
insects after a nuclear w-r would depend mainly on the uptake and assimi-
lation of biologically available (soluble) radionuclides by the various
species. The various processes involved in the entry of the radionuclides
into food chains (or webs) and the data available for evaluating the pro-
cess mechanisms are discussed in the second section of this report.
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The general assessment of the available input data is th.at, ill
spite of all the published work, the available data are generally frag-
mentary, inconplete with respect to continuity of processes, incomplete
with respect to radionuclide coverage for the economically important
biological species, and incomplete in many cases wtith respect to the
measurement and reporting of obvious important; control variables. The
specific weaknesses in the currently available input data for developing
the uptake models, as well as examples of the excellent reported work
and applicable data, are noted in the following sections of this report,
in part, by the asumiptions used to complete the models, by the types
of methods used in the data analysis and correlation, and by the data
used in the model -levelopment.

The internal radiation hazard frow, fallout is characterized mainly
by the fact that, at least in humans and other large vertebrate animals,
most of the radiation sources (e.g., radioactive atoms) tend to concen-
trate in specific body organs and that the assimilation occurs according
to the biochemical properties of specific radionuclides. Thus, in assim-
ilation processes, it is not appropriate to consider the fission product
elements as a single source of internal radiation; evaluation of the in-
ternal hazard must consider the behavior patterns of each individual
radioelement in the fallout.

In terms of possible injury to various species in the biosphere,
the internal radiation may be both acute and chronic. For the larger
animals, two factors would tend to limit the significance of acute injury
from internal radiation. First, in areas of heavy fallout, the injury
from external gamma radiation would precede internal radiation injury
because the latter requires time to build up in the food chain; death
due to exposure doses from external radiation would limit further uptake
by the animals so exposed. Second, the rates of assimilation are con-
trolled by the rate of buildup of the radionuclide concen.trations if
plant and animal foods and by the r,te of food ingestion. Thus the
pattern of internal ingestion and radiation is one in which the concen-
trations of the radioelements increase with '-me, reach a maxintmu, and
then decrease or remain essentially constant, depending on the ingestion
rates, the biological elimination rates, and the radioactive decay rates
for the radioelement and body organs and food sources involved in the
process.

Few data that describe the biological re'sponse of animals to ingested
internal emitters are reported. For example, the following data are given
as part of the text in Reference 11; these data can be used to estimate,
roughly, the lethal or near-lethal internal body concentrations of some
larger animals:

1. A dose of 50,000 rads or more (brief period) to the thyroid of
sheep from assimilated 1-131 is required for ablation; if the
thyroid dose is 100,000 to 150,000 rads over a Period of about
a month, sheep will show some evidence of the total-body radi-
ation syndrome. (A similar response is likely .. or other animals
with the saone body burden of 1-131 per unit weight of total body.)
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2. The lethal dose from a single ingestion of Sr-90 in swine results
if the body burden exceeds about 1.J x 1I0J ato•is of Sr--.90/kg
of body weight.

3. For goats a lethal dose results if the body burden exceeds
6.1 X 1016 atoms of Sr-90/kg of body weight.

4. For most animals, it is expecti that a lethal dose results if
the body burden exceeds 6 X 10 atoms of Sr-90/kg of body
weight.

5. If the body burden of Cs-137 in CoWS and sheep (and perhaps
other animals) exceeds about 5 X 1016 atoms/kg of total body
weight, the animal will probably show evidence of the total-
body radiation syndrome.

The type of data needed for evaluation of biological response to
internal ingestion of radionuclides for adult sheep is illustrated in
Table 10.

The uptake, eliminatin, and absorbed doses of humans from radio-
nuclides in fallout will depend on the degree of contamination of crops,
the uptake in edible parts of animals, and on the distribution of these
foods in the diet. The earliest internal !hazard after a nuclear war
probably would arise from the consumption of contaminated water, fresh
milk, and fresh green vegetables. For an attack during the growing
season, radionuclides suc as 1-131, Sr-89, and Ba-140 in these foods
would contribute most to the absorbed dose of various body organs. For
an attack during the fall or winter, the Sr-89 would most likely be the
predominant contributor in these same food sources from the spring peak
of worldwide fallout. The longer-lived radionuclides from both foliage
contamination and root uptake processes in foods would be Ru-106, Sr-9qO,
Cs-137, C-14, and K-40, and possibly other long-lived neutron-induced
radionuclides in the fallout.

The data on absorbed doses from ingestion of radionuclides by adult
humans have been developed in a significant research effort conducted by
K. Z. Morgan and co-workers 3 7 over the past 10 years. Similar sets of
data for the absorbed doses for young people during their growing Isars
have not been developed. A bone model was developed by Kulp et al for
the uptake of Sr-90 in worldwide fallout. Models for estimating the
absorbed dose from assimilatiQU of radionuclides in organs of humans
have recently been developed;JU applications of these models in this
study for estimating absorbed doses for hunan organs are given in the
third section of this report.

Operational Recovery Criteria

The repair and recovery, or healing, after injury appears to be a
generally recognized p.trsistont and characteristic phenomenon of biological
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Table 10

SINGLE. ORAL INGESTION LEVEL OF SEVERAL RADIONUCLIDES
BY ADULT SHEEP CAUSING SERIOUS INJURY OR DEATI1a

Ingestion Level
(atoms ingested/kg body weight)

Radionuclide Serious injuryb Lethal 50
• 116 117

SSr-90 4.7 x to 4.7 x 10
-•1-131 7.4 x 101 5.6 x 101

Cs-137 2.5 x 1016 2.5 X 10

a From Reference 11

b Type of injury not specified

30



systems. Thus, when it is observed that the response uoth of plants and

animals (including humans) to radiation exposures is less if the time
period of delivery of a given total dose is longer, biological recovery
of the injury with time is inferred. While the phenomenon of biological

recovery appears to be generally recognized, the quantitative nature of
the recovery processes and tho use of the concept of biological recovery
in operations planning are not agreed upon by radiobiologists (regarding
the representation of the recovery process) and by operations analysts
and planners (regarding the use of the criteria derived from the repre-
sentation).

The rollowing discussion of the biological recovery process for
radiation injury, and of one of the proposed representations of the
recovery process for humans, emphasizes the use of a representation of
the recovery process in damage assessment studies and in criteria for
operational recovery. The technical data and technical aspects of repair
and recovery in htmans are described in Reference 39; here the recommen-
dations of Reference 12 are assumed to be a reasonable representation of
the recovery process in humans (i.e., that the biological repair or
recovery rate is 2.5 percent per day of 90 percent of the exposure dose
and that 10 percent of the exposure dose is not repaired). The biological
recovery formula gives what is called the effective residual dose (ERD).

One fundamental aspect of biological repair and recovery is that
biological systems that receive damage or injury greater than a certain

level will not recover. Thus an upper limit of exposure dose exists for
which biological recovery can be considered; by definition, this upper

limit of exposure dose must be less than the dose that results in death.

In other words, it is not appropriate to apply biological recovery cri-
teria to a response such as death. This rather simple interpretation

of what is meant by biological recovery is neglected in many damage
assessment studies where the ERD (usually in the form of its maximum
value) is used incorrectly to co.pute the numaber of people killed by
radiation from fallout.

The second point of misuse of the ERD formula in damage assessments
is that its definition is given in terms of a constant rate of chronic
exposure, whereas in the damage assessment models the exposure rate is
always defined to decrease with time according to t- 1 . 2 or other similar
function of time. This misuse, however, does not receive muchi criticism
and probably is not important because it tends to limit tle time over
which the largest fraction of the dose is received and thus te reduce
any error due to inaccuracies in the recovery formula.

Most of the currently used fallout models include methods for esti-
mating the potential ERD or total exposure dose (i.e., the outdoor doses)
by assuming or computing an "effective" fallout arrival time at which

the fallout is all deposited instantaneously. However, none of the
reported computational methods that use this approximation f-,r calcu-

lating the ERD or exposure dose during fa. -,ut arrival cite data for
the reliability of the dose estimates fr 4n use of the "effective" arrival
time as a mathematical techunlque- Additional complications in dose
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,.s iniating arise owing to tile fact that people nay move about within and
out of sheltered locations with (different. shielding attenuation factors.
In such situations, the problem of estimating the Individual ERI) or ex-
posuire dose of people (or even the distribution of doses among tile peoplo)
to a given degree of accutracy is impossible without specifying, ahead of
time, what the movements of each Individual will be. rhe noriiiaal procedutre
in estimating doses is to make rough estimates of the fraction of the time
that people spend, on tile average, in various types of sheltered and un-
sheltered locations. Hlowever, in all such casus, the comnputat ion of the:
ERI) is more complicate(d than tlat of the exposure dose.

Another diffinculty in the current applications of the Eill) formulation
Is that I.t cannot be rneasured and used di vectly, in postattack operations,
The dose and dose rates are physical quantities obtained from radiation
detection lustrzinents without compensation for biological recovevy factors.

While the probloms in interpretation and use of tile lRD representation
appear to be numerous, some clarification can be made. In the first place,
use of ERD in computations and in protective system design criteria is to
be made only in reference to exposures of people and animals (and plants)
that do not become casualties. Another way of stating this is that tihe
ERD (and the implied biological recovery) applies only to those biological
units that are able, after radiation exposure injury, to carry out normal
functions, Thus, for htmians, tile receommended maximumn dose is 200 roontgens
ERD.12, 9 In terms of postattack recovery assessments, tihe interpretation
regarding the operational Implications is that all persons that receive
about 200 roentgens ERD, or less, are counted as not being injured by the
dose to the extent that they could not be part of t:he normilal work force.
The people in this injur-y Ctegory ' .e. those receiving bet:weon 0 and
200 roentgens ERD) therefore would be expected to recover and carry out
normal functions.

Persons "Ahat receuve aia'gei' exposurre doses thlla those Cre.ul lting in
200 roentgens ERD would sustain increasing biological intjury resulting in
serious sickness an(l, eventually, death. The expected 100 percent mortality
dose for a promapt exposure of humans is reported to be from 600 to 1,OOC
roentgens.5' If this range of exposure dose represents certain mortality
for' a prompt exposure, then it is reasonable to conclude that the fraction
of mortalities of persons receiving 600 roentgens in 4 days or 1,000 1-oent-
gens in a month (from a rapidly decaying radiation source such as that of
the radioactivity in fallout) would be very hligh.

Tie above informatioil can be utilized Ill d(tmage assessnc01t studies
ill the following way: (1) the number of people expected to be unin.jured
or to recover would be computed on thie bhasis of the 200 roentgen ERD limit;
(2) tile number of people expected to die are those computed to receive
600 roentgens in 4 days or 1,000 roentgens in a month; and (3) the nutmber
of people counted as casualtics are those not otherwise accounted for: some
of these will die; the remainder will recover. Without further defin!ition
of tlhe (lose di t Pribut ions among those in this latter group, the 111edian outW-
comte might be that 50 percent of tlhemn VecOVer'.

32



The medical burden on the healthy survivors III the postattack period
(considerilng only radiation Injury) would be determined by the number of
people in the third Injury category (tile casualties); the treatment and
care of this group would be one factor in determining how many of them
recovered, how many died, and how many were permanently disabled. Future
research should be concerned with the fate of pooplo in the third category
(also for animals and other biological species for which a similar set of
categories of radiation effects can be established),

One representation of the three radiation injury categories for humans
is shown in Figure 1. In the figure, the effective standard intensity,
IIRN., Is plotted agalinst thle time after detoanation, t,, of entry into ani
area covered with fallout- The RN term is tile inverse of an effective
protection factor, so that the boundary standard intensity between two of
the three categories is directly proportional to the protection factor,
'Phe time, te, may represent tile effective (instantaneotow.) arrival time of
fallout, the time of entry into an area covered with fallout, or the time
of exit from a perfect shelter.

The decay curve from which the 200 roentgens ERD and the other oxpo-
sure doses shown in Figure I were obtained was taken from Reference 2.
Tile selected exposure dose criteria that app-oximate the 200 roentgen ERD
max criteria are 190 roentgens per week, 270 roentgens por month, and
700 roentgens per year, asstuning an effective fallout arrival time of
1 hour after detonation. The latter definitions would vary depending on
the decay rate of the fallout radiation t, nd the time of arrival of fallout
(from a surface detonation).

The curves to tile left in Figure 1 define the upper limit criteria
for civil defense protective systems (not for just a single component of
the system such as a shelter). However, the protective components are
evaluated from the figure in order of use so that tile shelter protection
factor is considered first. It can be seen from thle insert curve in
Figure 1 that the minimum shelter requirements for people In the first
category, where the fallout arrives at I hour after dotonation, are given
by

L l = I RN1 (j2.5 (2)
PFI I

where 1, is the fallout standard intensity in r/hr at . hrI P)II Is thle
shelter protection factor, and RN1 is the shelter residual number. Thus
the criteria for mitilimut adequate shelter for people in the first injury
category is defined by

I t 62.5 PF3 (3)
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For' people in tie second injury category,

I I 215 1F1 (4)

nlid for people in the third injury category,

62.5 PF IC 11 ! 215 PF (5)

Equations 2 throtgh 5 give the shielding reqUiloMreents for only tile
protective shelter withoult conoloideration of limiting the stay time in .hoe
sheltfr or for any out-of-shelter exposturos. The representation of the

_exposlue dose limitation (as a planning dose because operational requlire-
monts may indicate the necessity of exposure doses greater than an arbi-
trarily selected limit) is given, in general, by

D* L RNIDI + P0N2D2 + RN 3IV3)

whore D* is the planinig exposure dose, 1) is the out-of-shelter or outside
exposure dose for the shelter stay time, RN is thle effective renjaual
number for the shelter, D. is the exposure Loae for crews or people that
%ay be used for special operations outsido of shelter, RN 2 is tile effective
residual number out of shelter, D3 is the dose after permanient ecit from

shelter to 2.5 years (or infinity), and HN3 is the average residual number
for the third period. For people that stay in shelter until the perhanent
exit time, RND9 is 0. Di.aussion of these criteria and their relation
to civil dUfeji• s pCk1atioris is given •n Reterence 4ý0

rhoe types of simpii ifled c<i v.l (hefeuse system routines described in
Reference 40, together with operational planning dose criteria, can gen-
erally be used to develop design requirements for radiological defense
system c¢riponents and operations. The representations of the exposure
criteria can be used to determine, for a given civil defense system, which
routines are feasible and, in many cases, which of those feasible would be
the optimum routine for meeting national postattack recovery objectives.
Up to the time of this study, little evidence exists to indicate that the
above-described criteria are being applied in damage assessment studies
or in civil defense operations planning. The operational problems and
supporting data for the detailed planning of decontamination operations
are given in VolLne II of Reference 2 and in References 41 and 42.
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Ecological Considerations

The general ecological consequences following a nuclear war are not

yet well defined but, in the main, appear to center on the chain of events

that would retard or inhibit the natural recovery proce9ses and that would

lead to permanent denudation of the landscape, to eroc.ioyi which would re-

move the fertile soil layers, and to floods which would disrupt the function

of other ecosystems as well as pollute the water sources of farmland and

urban (human) ecosystems. The consequences of such events on the national

economy and on the populatic. would include, first, the loss of the exist-

ing and future capital biological resources and, second, the possible con-

tinued degradation of living standards in the long term.

As previously mentioned, the major primary radiological hazards that

would be most important in causing damage to the wild land and farmland
ecosystems are external gamma and beta radiation and internal beta radia-
tion from assimilation of radionuclides. It is significant, for the bio-
logical repair and recovery processes, that the injury sustained from the
external hazards would be more like an acute assault than a chronic assault.
The a -imilation of radionuclides would be mainly a chronic exposure; the

geneý effect of radionuclide cycling in species of ecosystems, from all
avallable data, appears to be mainly in the class of a long-term public
health problem rather than a cause of injury leading to the death of bio-
logical species.

The primary effects on ecos~ystem:_;, from the two major damage phenomena
of chief concern for nuclear war considerations, are those responses lead-
ing to the death or weakening of a spe: es. Secondary effects, which may
foll'o-. because of tle ".se p. ef I.. ' upt - va.iety o .u e -is-

turbances in ecosystems. For exnmple. if an area were sufficiently coatam-
inated so that the exposur'e dose from fallout killed all the troes in a
young pine forest in thf. state of Washington or all the sprouting wheat
seedlings in the sto.e of South Dakota, the land would be bare for a per-
iod of time. Then, if heavy rains occ2urred prior to revegetation by weeds,
pine seedlings. or annual grains, and if the terrain were hilly, severe
erosion of the surface soil could occur. Less severe secondary effects
include changes in relative nmLbers an ý vigor of plants in a mixed plant
populatioi. and the retiacd- ion of growth -f the more seas iLive plants dur-
Ing one growing s•al O'

Th e. as a -- oer sn.es hert.f.
to extcrnal rid-atio: .uld Ibe ev-iuatod in terms ! the thrce czoe'gorie-

of iI ury dis( uss , f tfhe data were availablu TI CiO s. c".
alidn Nse ., c-xpected to show that after a hyvpoi.hetical atta,-.k on
t he coanr r-. the la'ed3capes Iii .. arv areas would be the same a, thei were.
before t ac-ti: t -at, in other arems, all the % ýgetatior and an li t Is w(,__ld

g-adtuw tty die, !,i --i•g te: rcstriai islands withoio t,ýile to Some pe:i1od

01 i' and -. t.4 uL u b d ;trouirl thI "ki led areas, as* e-ws would L.u! :osmnj
. .ort snsiLj. i4 Pperti,: were (kil)i1 d or sever'l affected. an( 'lie

-. 'l Io .LA LtILav'c mnv ro. u ,-,i¢ enld tlt n - ritual recovers- would (at the lea> r )



be dependent on the size of the attack, the distribution of the burst
points, the distribution of weapon yields and mix of ground and air bursts,
the time of year, the weather during attack, and the composition of the
ecosystems affected. Perhaps the first major ecological queston is
whether the killed areas would continue to grow in size or would decrease
by invasion of surrounding species; the second question is what the rates
of each process might and what the more important factors that effect
these rates might be

The major consequence of the cycling of the radioelements in the
farmland ecosystems would be to provide paths for the entry and continued
flow of these elements in the food chains of all biological species or.
otherwise, paths for exit of these radioelements by concentration and
retention in soils (e.g., Cs-137) or final dilution in the sea along with
runoff water (e.g., Sr-90).

The more subtle secondary ecological effects include the possibilities
of increased attack by predators, such as insects, on weakened species,
long-term genetic effects, decreased attack on species by predators more
radiosensitive than the species, further destruction by secondary fires
in radiation-killed forest lands, and general changes in the relative
abundance of species in a given eeosystem.

The most significant factor in determining the nature of the long-
term ecological effects and the rate of recovery of the farmland ecosystems
after a nuclear war would be the capability of the farmers to maintain

control of these ecosystems as is currently done or, if control is tempor-
arily lost in an area because of the presence of high levels of gamma rad-
iation, the capability of the survivors to reestablish a desired level of
control of the farmland ecosystems within a - .sonably short period of time.

Wild land ecosystems are becoming under increased control by man
through forest management practices, fire prevention and control, flood
control, and other natural resource conservation programs. Thus, as for
the farm.lands, one of the more important factors in determining the degree
of the long-term effects of exposure to nuclear radiation from fallout
under nuclear war conditions on the wild land ecosystems would be the
capability of man to reestablish needed control programs in the more ser-

iously daniaged areas.

Consierations .of likely -uclear war targets and their distribution
•-*t> comtj'y a2d t-' c-irrer.tly available protection systems for humans

le~a to The C, , usion that, for both the wild land and farmland ecosystems,
large ý-.ni-eas .wild be da-iagett by external radiation from fallout thani from
fires. lP)wever, i-i.. time of the year of attack and the type of weather
precedi . and durring •:.ttack would 'e important factors in the extent of
tt,ý a .-. i damlaged by ".tt pheormena. Especially in the areas affected
b,. high le.,els of fallout, ,Ahv lack of adeqi.uate protection for humans
Could 'c.ult botth in lethai dcses t-0 a c- a occupants and extended periods

o0 aea. d,:'-._l i .. r . t yv from o ui. .-as; th)us ecological control by mail
c ,,li1d be lost fov 't--.al ýeasona I1 the uc'.c-sw,.er and sipporting facilities
,.•'-'not i';r' i~ble o -v.-y z -it nleeed corrective measures.
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No previous studies have been reported in which specif ic effort has
been expended to organize the data base necessary for making quantitative
estimates and assessments of the ecological effects that may follow a
nuclear war. Ali outline of some of the major fac l*-rs in ecological sequelae,
including data summaries on plant and animal diseases, pest and insect be-
havior, and other information, has been compiled by Ayres31 in a study for
the Office of Civil Defense. Other applicable data, not yet organized for
use in assessment of nuclear war effects, include work in many biological
laboratories (private, government, and at taiversi ties). A number of eco-
logical research programs have been carried out in Atomic Energy Commission
(and Atomic Energy Commission supported) Inst allations including the Puerto
Rico Nuclear Center, Savannah River Plant, Argonne National laboratory,
Enory University, Oak Ridge National Laboratory, Battelle-Northwest, Nuclear
Test Site at Nevada (including U.S. Public Health Service), University of
California at Los Angeles, and others; these programs and their data also
have not yet been organized within the scope of this discussion.

Plant Radioecology

Terrestrial ecosystem structures are dominated by plants but, because
of soil and climatic factors (mainly), the plant compositions vary geo-
graphically. The geographic pattern of the natural ecosystems in North
America includes tundra, boreal and coniferous forests, montane coniferous
forests, Eastern deciduous forests, grasslands, Pacific Northwest coastal
coniferous forests, deserts, and Mediterranean vegetation in California.
These long-term developed (climax) systems, in some regions, have been
altered by man and converted to farmland (temporal) ecosystems. Both types
of ecosystems now exist.

32.35
Recent research, mentioned previously, has shown that variations

of more than a factor o£ 100 in the sensitivity to damage from external
ganma radiation occur. Two major practical kinds of efýects on both indi-
vidual plants and ecosystems occur: (1) the production of mutations and
(2) the reduction of vigor.

The repair and recovery from the genetic damage (the latter being
defined as an increase in the frequency of deleterious genes) involves
the tendency for elimination of the deleterious genes after a few genera-
tions and for the gene frequency to return to the predamaged equilibrium.
After two or three generations, populations exposed to natural selection
would be expected to have essentially eliminated, or recovered froin, the
genetic damage. 4 3

The principal effect on natural ecosystems in the third category of
radiation injury, as found in both small-scale experiments and in field
experiments of Irradiated ecosystems, is the simplification of tthe eco-
system by selective mortality or growth inhibition of sensitive species.
These changes in plant populations would be expected to cause changes in
insect populations since the latter would be expected to be sensitive to
the abundance of food supplies. In these dailaged ecosystems , the capacity



of the ecosysteml. recover should remailn Intact, at least initially, but
rapid changes in plant species composition and in number of plants during
the first few years after injury would be expected to occur. Reduction
in competition, appropriate radiation exposures, and oiher factors would
result in stimulated growth patterns of sone species and retarded growth
for others (depending on the ntunber and kind of original species present).

bowland deciduous forests would be expected to be much less sensitive
to damage than would montane coniferous forests because the deciduous trees
themselves are less sensitive than are the gymnospermae and also because
the lowland forests usually contain a greater diversity of species and are
less prone to sustain erosion damage. Areas with the larger diversity of
species generally would be expected to recover and stabilize more rapidly
and at higher fallout levels than would areas with fewer species.

In areas where complete destruction of aboveground vegetation would
occur, the rate of recovery would depend on whether underground shielded
seeds, tubers, and bulbs were present for revugetation and whether other
plants would revegetate from roots and stems. Another factor is the area
size of such a devastated region; recolonization from surrounding areas
would be slower if the destroyed area is large (large in width as well as
in length),

Some estimated radiation exposures for likely ecosystem recovery,
based on currently available data extrapolations, are listed in Table 11.
In the use of the last colman of the table for mature forests, the listed
exposure dose should be corrected to the standard 3-foot dose computed
for fallout on a level open field. A factor of 2 is suggested to account
for tree height and shielding. Also, a 2-week exposure is suggested so
that, for an effective arrival time of 1 hour. the calculated standard
intensities for which the recovery of" coniferous forests would be expected
to occur are those less than 1,200 r/hr at 1 hr; for deciduous forests,
the calculated intensities for recovery in 2 years or less are those less
than about 6,000 r/hr at 1 hr; higher levels of fallout would be required
for the same effect at later fallout arrival times. These dose levels,
similar to the 200 roentgen ERD for humans, are indicators of the niaximuim
fallout intensities and doses for which recovery would appear to be nearly
certain. At higher levels, the chances of recovery would decrease; the
levels at which recovery would not be possible (without assistance from
man) have not yet been specified.

Further specific studies of ecosystems of cifferent composition are
needed for evaluations of the upper limits of possible ecosystem recovery
and for further verification and extensions of tho data needed to develop
criteria such as those of Table 11. However, complete organization of
currently available data on ecosystem components needs to be accomplished
before an adequate assessment of the available data can be made. The dur-
ation of this study was too short for accomplishing this needed organiza-
tiorn of the data.

39



Table 11

ESTIMATED RADIATION EXPOSURES
FOR LIKELY RECOVERY OF TYPICAL ECOSYSTEMS

Exposure Exposure Dose
Dose for No Exposure Dose for Likely
Signifleant for Likely Recovery in

Effect Recovery about 2 Years
Major Ecosystem (roentgens) (roentgens) (roentgens)

Typical farr,,,land 200 200

Coniferous forest 200 200-- 2,000 2 000

Deciduous forest 200 200--10,000 10,000

Grassland 2,000 2,000 -20,000 20,000

Herbaceous successional 4,000 4,000 -70,000 70,000

a From lieference 43
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Role of Insects

The concern about the role of insects in damaged ecosystems after a
nuclear war appears to be associated with (1) the relatively high resis-
tance to radiation of insects compared with other species (vertebrate
predators, food plants, etc.), (2) the potentially high reproductive cap-
ability of insects, (3) the added insult to otherwise weakened species
by insects, and (4) the reduced ability of the huiman survivors to maintain,
or achieve, effective chemical controls,

A lack of data on the radiosensitivities of insects exists; of the
existing data, it is known that the sensitivity varies by as much as a
factor of 100 over the insect life cycle. No data on the beta sensitivity
of insects were found during this study. The exposure doses in normal
habitat geometries are needed if the role of insects in ecological recovery
is to be evaluated.

It appears that many available data on the reproductive and other
behavior patterns of many insects exist which could be organized for use
in evaluating the role of insects (neglecting, howev , the radiation
effects). A review of pertinent subjects by Jenkins lists the following
types of information and studies for forest and orchard insects, crop
insects, social insects, pests, and parasites and predators: (1) longevity;
(2) flight ranges, dispersal rates, and migration; (3) breeding habits and
reproduction rates; (4) feeding rates and habits and nourishment require-
ments; (5) mixture in colonies and competition; (6) colony growth rates
and population behavior and size; (7) epidemiological roles, transmission
of diseases, and vector ability; (8) host exchange; (9) pathogenic-parasite
relationships; (10) mortality rates, self-destruction, and sterility; and
(11) effect of insecticides and herbicides on population control.

Other factor.3 include the causes of population eruptions (or cycles)
and their relation to food suppl'", climate (time of year), disease, preda-
tors, and other possible stresses.

At this time, nonc. of the above available data and factors have been
correlated or analyzed with respect to the role of insects in postattack
environments., altnough some data compilations have been initiated. 3
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I)ESCRIPTION OF MODELS AND A'TTACK ASSUMPTIONS

Format of Computations

In this section, the model system developed for radiological systems
is described along with th,ý appropriate input data and assuinptions regard-

ing a set of attacks ti was tused lit a set of model calculations. Those

portions of the model t.iat have been described in previously issued reports
are referenced. A scl-mntic diagram of the Stanford Re~search Institkute
radiological assessifcit system, designed for application to civil defense

• [problems, is shown in Figtire z. 'The general-t a.q.sumptions Intvolved lit the

:- development of the mrodels,. the data sources. and tire concepts involved

arc briefly described •in Reference 45.

Two assim'ied nuclear attacks were used in the following described
computations. One wa: a counterforce city-avoidance type of attack with
a total yield of 5,900 megatons (MC), and the other was a mixed military-
city attack with a total yield of 11,900 megatons (l~H).

Two types of detonations are considered In the assumed attacks.

These are surface detonations which produce local fallout, and air bursts
which produce only worldwide fallout.

Local Fallout Model

The model for estimating the local fallout deposit levels Js described
in detail in Voltmie I of Reference 2; some of the -evisions to the model
are reported in References 46 and 47. The model was developed and used
as a fallout deposition scaling system rather than as a dynamic model of
the fallout formation and distribution processes, to facilitate its appli-
cation to the study of radiological effects from large-scale n'iclear attacks.

out deposition levels fronm intermediate burst heights in damage assessment

Sstudies. The general effect of 1,urst height on some of the properties of
j• fallout are discussed in Reference 2.

To estimate the radiological hazard as well as the radiobiological
effects from fallout, the fallout model must provide estimates of (I) the
magnitude of the radiation level at a given lo(cation, (2) the variation
of the air ionization rate with time (i.e., the decay) for the mixture of
radionuclides deposited at the location, (3) the time after detonati1on
that the fallout arrives, and (4) the potential solubility, or biological
availability, of the important radioelements in the fallout at the location.

r• Weapon Model

In this study, no particular weapon design or designs were selected,
"except that the yie(d of the ]and--sorface detotciations was assl-fnied to be
37.5 percent fission. Trhe t-1- 2 fkuiction was ised to estimate external
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gainniii doses: Its Suse to rupreenit; the dec reari lit radlintionl Itit:ens t y withI
tili ICOX fox' c puti ng e.Xp~osu';kr doses aiutomtatically3 impli co a weapioni dc-sibri
that would yield almost 1 atom of neutron-inducod Np-239 for every fission
event. This relative amounit of Np-239 would increase tile standard ifltdfl
sh~ies (i.e.f the v/hi'tit I hr) by abouit 2 percent; however, at about 4 days
aftor detonation, thle radtiation rato from thle Np-239 would be about equal

-to the total radiation rate fromi all tile fl Ssilo p1roduCts. SuchI a c011trA
butioxi fromn thle Np-2391 is about enough ndditional radiation in the period
from 3 to 10 days aftor fission to produce, a gross decay curvo that Is
better approximated by tile t-1,2 funcetionl than is thle decay fromn thle fig-
slon products above. The (tecenv curves f'or more accurate eqtimates of thle
dvui'euso In radiation rate from the radionuclides in fallout at longer
thieus af ter' de0tonation tire disc uss!ed lin Reference 2.

Radionuclide Soluility' Model

The model used for estimating tile potential solubility or potential
biological availability was generally based on the fallout formation model
in References 2 and 47; howlever, for this study, extensive revisions were
made on the thermodynamic data used in the calculations, and new methods
for estimating the average solubility as a function of particle size for
the six major biologically important radioclements were dev'elopod.

Worldwide Fallout Model

The worldwide fallout miodel used in these calculations is described1
in References 45 aid 48.

Water Decontamination Model

Tile water supply of thle United States is generally obtained ei1ther
front ground sources or surface sources.4- Ground-source water includes
that from wells, springs, and infiltration galleries. Surface sources
are lakes, reservoirs, and strearts. Water fromt ground sources, especiallY
ait euarly times after an attack, would be vir'tuallly free from Contamination
because the fallout deposited upon ground surface areas would initially
be precluded front the ground water supply by an earth mantle. Thle pene-
tration of this mantle by thle soluble fractions of fallout and(Iits subse-
quent movement through the earth to thle location of withdrawal Is a very
slow process.

Although ground water may be free fromt contamination-, since it is
pLURped fromt wellis, It may still become contaminated prior to consu~mption.
For instance, if thle water is first ptoiped to ani open (utiprotected) water
storage reservoir or if the water is ptunped to a contaminated distribution
reservoir, the water would become contam iinated. Tile estimation of the
degree of contamination of clean water by these processes would. require
a detailed studx' of each water sv~stemf. lit this St udv. all comnmuni t'ies
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partially or wholly supplied from grourid sources were alusklmhid to have
c lean relatively uncontaminated potable water available for' Use,

Surface wators, oil the other hand., would be directly contaminated
by thi dopositod fallotit. 'T'he coue•ntirut ion of radionuc I ides would be
proportional to the soluble amoutit deposited per unit area upon the
surface and inversel.y proportional to tile average depth of tile surface
water supply. rhis dofinition Of 4lonvxvirtration is based upon the atSSnp-
tion that tile soluble fractions of fallout isotopes would bu uni foColy
mixed in tht total volutie of water; thus the water from shallow s;urface
sources would be, at least Initially, the most highly Contminnated. Tite
depths of reservoirs and ('.,.3pecially streams vatry wijd•ly tharoughout the.ý
time of year and from year to year. The dpths of some streams (uring
periods of heavy runoff may easily be a factor of 5 doeper than the hoar
minimum values used in this study. The depths of reservoir water. oil
the other hand, are maximton values.

In this stildy, tile calculated radionuclide concentrations of surface
Sources are for the fallout that fell directly into the surface waters.
Fallout radionuclides depositod upon ground areas and subsequently carried
by runoff into surface waters duo to a period of heavy precipitation were
not considered; dilution of the nuclides already in the water by rain or
by adsorption on bottom materials also was not considered, Availnble
data, that of measured concentrations of St-90 and gross beta activities
in precipitation and in streams. show that, at least for worldwide fallout,
only I to 10 percent of Sr-90 as well as gross beta activities deposited
in watershed or drainage basin areas is carried withl runoff to streams. 2 2

The available data do not provide any generalized evaluation of the migra-
tion dynamics of radionuclides through watersheds, so that the elapsed
time between the times of fallout deposition and maximimi stream contaili-
nation could not be determined: in general. it ap.......S that, -at: e-,ast for
the weu season, the elapsed tim:e is less than l lonth.

Of the 16,74'17 comuunitias in the lnj ited Startes served with public
water supplies, 11,784 are partially or wholly supplied from grotund sources.
On the basis that those localities that are partially supplied by ground
water sources would have sufficient water frot thlese supplies for post-
attack emergency use (but requiring power for ptmiping), the source water
for 70 percent of all communities would be relatively utnaffected by fall-
out. lloxsever, of the 184 larger communities, represienting a total of
71 nill1ion people, only 43.5 percent of the people have adequate public
ground water sources. Although this percentage may be increased to 61
percent if both private industrial and pubtLic Wvater supplies are Coilsid-
ered available for public consumption (in tile commnunities whlere they
exist) during the postattack period, only the available public water
sources were considered in the computation of the radlomuc]lide contaamina-
tion in water supplies for the proposed nuclear attacks upon the United
States.

For any proposed attack, parts of water systems (especially tile dis-
tribiltion Systems) that ape loen Led near explojsion poitn t- would be
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destroyed or (thuiaged. Wherever' this occurs, the walter supply mayn be
di.srxtpted or compipletely lost otnttl the damaged caoxnponent Is repaired oir
replaced. This aspect of the availability of water supplies for the
survivors is not considered In this report; the discussion here is limited
to the possible levels of water contamination.

The complete destruction of a water source, on the other hand. woulld
not be readily achieved by exp)losioni pilkelOllnenla, Water In lakess, streams.
and dlverg ion reservolirs 1s not normally very vuLtneral)ie to blast damage,
and some water loss would be expected if the source was located within
the region of the crater. The same goeneral low damage vulnernabillty would
hold for groun(d sourCes; all exceptilon wouIci be a dlIrect hIlt ov a small
well-flold or on a rather small stream. l. suchI a ease, the well-fleld
could be destroyed, and thoe Iip of tihe crater Could diveou; the water Off
stream and render it ulUsable- Also, a dl rect hlit upon the dam of an

ilnpOUndcment reservoiri would certainly cause the loss of tile water from
the reservoir. On the other hand, most large commmnitles have one or
more alternative water supply sources.

Tile water contamination data for the 184 large communtI ties in this
study were used as a "sample" of the available water for the entire (urban)
population of the United States. The selected sample should tend to give

a nuclide concentration distribution that Is somewhat higher than the
national distribution because the communities not in the sample generally
have more well-water sources. Although the contamination in the water
from streains normally depends upon the amount and rate of fallout at up-

stream locations, and the radionuellde concentration in the water when
drawn would depend upon when0 it was drawni and the rate of stream flow,

in this study the concentration computations were simplified by treating

these waters as though they were from a stationary source.

i-i.rors introduced by this complita t i ona I tleatimelit would be Iar:gest,

for communittes that use water from exceptionally long streams where thie
water from o(no geographical location Is transported to another distant

location and the amount of fallout deposited at the two locatioxts is
grossly different. For example, the calculated radionuelide concentrations
in the water for a community such nasi New Orleansu. Louisianan, may und(res -

ti illte the real concent rat I oins for tlint city ir (-he heavier fallout depos-

its in thle upstreamx parts of the Mississippi River (and Ohio River, etc.)

were actually carried as fax' as Now Orloan's.

The (liect contamination of exposed surface waters by fallout particles
landing on the water may inc ltude (1) the suspension of small tno•,bltll
particles and (2) soluble radio tiemenits that dissolve when the carrier
particle l andIs in the water. The large,: fn'lout part icles will settle

rapidly ito the bottom of still water. The onily important group of ele-
liments, for potable water sources. are the soluble elements.
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The external conta.m.ii!ation of plants bv total fallout particles is
discussed in detail in References D and 10. the major portion or tim
eum.ently available data on tile subject was obtained in •,,e Costa Rican
experiments; however, J.n this described study, whiet• was jlli tiat•:d prior
to the Costa Rican work, tile plan.t contamin•tion factors that were used

Swere those derived from the field test data, as showll ill Fin'ure 3. In

the model, the average effect of weathering on the follar deposits was

asstmled to be represented by

o -0.05 (t-•.o) (7)
aL = aLe

where aL is the eontamiuation facto:" in tem•s of tile ratio Of the activity
or weight concentration of the fallo'.it on the foliage to the surface den-
sity of tile fallout, and •a is the average time of arrival of fallout.

The factor, 0.05, corresponds to a weathering half-life of 14 days, as
discussed in References 9 and 50. Newer dats ell the effect of wind and
rain on foliar contamination indicate that weathering effects, in general,
do not correspond to that given by Equation 7; however, the computations
of this study were made using Equation 7 and therefore Ullderestimate• to
some deg1'ee• the contaminp.tion levels on most food crops due to the con-
lamination of tbe foliage by local fallout. The initial values of the
contamination factors, aL(• a•) used ill the calculations are summarized

p
in Table 12.

Entry of radioactlvlty from worldwide fallout into plants is made
via two major routes: (I) direct foliar absorption of radionuclides in
solution in rain and (2) root uptake fr.%xa the acckbmulated nuclides% in
the soil. Measurements of the total specific activity of the edible parts
of plants therefore represent the sum of beth - odes of entry, and the
problem becomes one of separating the total int parts. There are many
data available on root uptake from pot experiments so that -jr •vould at, peat.

• that •" i'eliable approach would be to subtract that amount of activity due
to root uptake from the soil. The usual result, however, is that all or
more of tile observed activity is a¢cotmted for by Foot uptake alone. It

i would therefore appear that tile uptake of crops grown ill the field i.s
:• different from that of crops gFown ill pot experiments,

!-- Among the Feasons for such differences, aside fPo.gl the usual Stulcer-
:: tainty in the n•nber of atoms (such as Sr-90) per unit area of soil, are

the effects of distribution in depth in relation to root habit and the
long-term availability of the mtellde in question. 'rile method usually
followed in assessing relict and root uptake from worldwide fallout is
to set up an equation x:'i tb two unknowns and solve these oval" successive
years.51,a2 This method, for all}' nuclide, is represented by
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Tab I e i2

15
FOLIAR CO'.1'-,M1NA'I[ON FACTOR VERSUS (

AND REATEID PARAMEI*ER8S

Part ic le Fo ! ia r
Contajuinat ionFaloling Particle Factor

Velocity

V0  Diameter L15 vf d Lt

(mph) (microns) (sq ft

0.15 100 8,000 O,000200
0ý50 30.0 i,170 0.000225
1 15.0 500 0.000250
5 3.00 120 O.000750
6 2.50 0.000930

10 1.50 75 O. 00t70
15 1.00 0.00300
20 0.75 50 0,00425
25 0.60 0.00535
30 0.50 40 0.00635

35 0.4286 0.00720
45 0.3333 0.00815
75 0.2000 25 0.00912

100 0.1500 0.00945
150 0.1000 0.00975

300 0.0500 13 0.00997
400 0.0375 O. 0i00

0 0 0.0100

Source: Derived by Stanford Research Institute
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NC r AUN° (i.) I- ) CT) kt-o,,s 'gin (8)

wheAre N (L) is the fallout dopos iL in a L:iiUR iiiv,-lVtl deti lAtevd by t aild
'ON(T) IS tile total htatloult (delposJited up to the time of saunpling, both in

k[l:t llli.• sq R" .

A set o1 A 0 and 130 values is griven in Reference 52 for Sr-90 in which
thie NO(O) vailnues used wer' montilly values (averaged over a 6-month period)
as taken from an averagled accttluiulatlon eut'yte. of N0 ('l') .h the NC) values at
Jul y 1 of each year were used.

The derived values of aU In atois/jloi dry weight per" aLoms/sq ft. for
Sr-89, Sr-90. Z!r-95, Ru-1061, Cs-137, and Ce-14ti are listed in Table 13.
The root Crops were ýssigned very small values; that is, except for Cs--137,
the radiocnlenents are not cons l.(o'ed to tramslocnto froinl foliage to roots
to any appreciable extent. The ai\ values for sorghum and oat were made
etlUal to that for w\heat. As suggested in Referenice 53! the Sr-90 in

wItucellic (a1r'a].fa) wLds maninily attributed to direct conitamiiiinatioon; the aL
value was accord:ingly chosen to accotuit for 80 percent of the observed
lucerne contamination. A similar assignment was made to clover. It
should be ýoted that dry weights are specified in the table, consisteat
withl the a values pirosented earlier but differing fromli the common prac-
tice of reporting worldwide food contamination in tei-ns of fiesh or market
weight.

In sUmmaary, a single aL value was assigned to each crop for contami-
nation from worldwide fallotit, nssimi•ng that superficial activity was
removed by normal washing or preparation and that the levels reported
reflected true tissue absorption, The absorbed numiber of atoms of the
I th kind at v--.j time in the edible V!"n- tIbL, • is

C.= wN (t0l atom./pO dry weir';lit (9)

where N()(t) iz the zero-timbe nwuber of aLomns of the ith kilnd per square
foot of soil deposited in the last month before harvest.

Estimates of N')(t) are available for eight different nuclides froij-
the worldwide fallout model discussed earlier. It is assumed that all
worldwide fallout Js soluble and hence available for absorption.

The c(mpleie expression for the ntmber of zero-time atoms incorpo-
rated into the edible parts c-f a crop planted subsequtent to a nuclear
attach is

p h

Cf [No 4 N MJ NOM(t) atoms/gmn dry weight (10)

o h-1
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F'ab 1It 13

ESTIMATED VALUES OF a FOR SELIECTED CROPS AND IIAI)IONUCII).S

w
a1

110"5 atoms/g"m dry weight
\" atoms/sq ft soil

Cro• Sr-89, Sr-%u Zr-95, Ce-144 Ru-106 Cs-137

Corn 90 0.1 0.3 40
. or'ghuii 9G 9.0 27 450
Wheat 90 9.0 27 4!25
Oat 90 9.0 27 450
Darley 30 3.0 9.0 180
Dry bean 20 2.0 6.1) 800
Soy bean 20 2.0 6.0 240
Alfalfa 600 600 600 600
Clover 700 700 700 700
Potato 1 0.1 0.3 100
gr'een pea 6 0.6 1.8 18
Sugar beet 1 0.1 0.3 100
Tomato 500 500 500 1,750
Snap bean 20 2.0 6.0 60
Cabbage 300 300 300 1,050
Dry Onion 1 0.1 0.3 100
Carrot I O.1 0.3 100
Lettuce 500 500 500 1,750
Apple 50 5.0 15 150
Peach 300 30 90 900
Orange 50 5.0 15 150

Source: Stanford Research Institute

52



wh :re

a SU is the soll upzake factor. 't: 1 iL..,

,D Is MieC soil d-unily-d:pQh c-mixing lactor
•0

N is L&u nwMhle' of auvnilnbe ith ntummili.q ft oF soil fr,,,n
i pr i 1ious loca1 ir IloIl

N 0( t) I. the ntunber of avalln)lo I th at outs/sq rt deposited as
I wor ldwide" iln"i . The . nmati nt fr-nm n t p (i.'. , from

attack to planting) Is thv cutmiul Iative.r amount avaltabl [for

root uptake; the summiat ion friom h-I to h (1.u., over the
last month before harv'est-) Is thie atmount responsible ror
fol lar contaill i fol i t

internail Coil'alm li t. t.oen orC Plants

The uipLtnke of r'adiontuclides from fallout by p•lnnts th rouglh theitr
ree0 systemlii would be Chu l .inor path el food cont amineation in the long-
term period a C tfot a nio•lc[on war.

"The major factors that Influence the upttke of radlonucliIdes by
plants through their ruoL Hystein are (1) Physio'chemnical properties of
the radloolement, (2) plant species, (3) soil type, and (4) soil manage-
ment pracLIcOs.

The assimilation of nutrients, or inorganic ions, by the roots of
plants usually involves soluble exchangeable ions in the soil. When new
ions, from a mineral fert-ilizer or from fallout particles, are introduced
into the soil, they compete with and replace other Ions on exchange sites
in the soil. In some reactions with the soil, the now Ions become non-
exchangeable, and, to the extent that these i'oeActions occur in a soil.
some portion of the radioelement becomes unavailable for uptake, Thus
the types of interactions that occur between the soluble r'adlonuclide and
the soil constituents detorminino the availabiltyv of the radionuc lide fo--
Uptake froli tLhe soil. The model for this mode of food contaml1ination is
distcussetd Ili dL.CI11 In R|efere'ncilV0s 52 aind 54.

General Model for the Tnternal Contanminantion of Animals, Fowl, and Fish

Estimates of the amount of radionuclides In maeat and eggs were made
by means of a simpl ifled assIml na i on modelIl. The major simplifying assump-
tion for the model is that the nuclide is assimilated by a body organ at
the time of ingestion. Also. in the model. it is asstmied that a constant
fraction, %k of the nuclide ingested enters the kth organ and that,
except for assigned docay , the ingest lion r;aitn U- , of the fth
food is constant. The rate of change in Nik. the number of atoms of the
ith nuclide In the kth organ (i e.. sort tissue such as muscle), is then
representted by
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Ik i ik 1C

In which

U° - U at (its/da m(i /dz)

and where ýIk is the biological elimination rate constant for the organ

and radionuclide of interest. Integratioi of Equation 11, under the con-

dition that Niik is zero itt to (The time after attack at which ingestion

is started), gives

N =2k" & -Nik(t - to) (13)
IN ik L I

When radioactive decay is included in the ingestion rate, Equation 13

becorne s

ik i r Xit-Nik I 1 - e-Xik(t - to) (01)

where 1i is the radioactive decay rate constant of nuclide i and t is the
time after detonation.

For green leafy foods (such as pasttu-e grasses) where weathering and
growth effects cause a decrease in foliar contamination, it was assuttned

that the ingestion rate would be represented by

U = 0  ia-Q" kw )(t - Un) (15)
if Uif

where ta is the median or average time of fallout arrival and k is an
empirical decay rate constant.* The value of Nik for these foods is

*This formulat ion applies to the assimiption that ail the n..l!on- tivite
is removed by weathering effects ii th a given half -life, usul: lv taken
to be 14 days (prior to the Costa Rican experience).
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'he chief u;e of l*:ql!Ltion 13 Is Iofo anlia.lyzitng datu to ttelIltit' r i the

values f "r r k ind ti o I('For" % lni rt.-; rIad; ;m lh-1 I I dt.:- and t s., - 'S III di it.l'I't-r l

alnl imals. LEci oil n 14 , ppli'q to0 storc'd Inads l' " a r l' i' c1rop, -uch tA!4

grainus and hay, and )e"htpp to water from exposod sotirces: Lthe value of'

UO dcpends on locaLion and crop and Lhus in udJusted at letts, on it vteav'1 v

basis. Equattion 16 was rest.-icted Io |olt"r r'oadwitmiaiut ioll iln the a Ilru-

tat ions and thus applies only to field crops th arp. standing at the

time of an att.ack. for local faIllout deposition. and dutinz the Iollowinog

griowing seasons, Fr wP t~i'I ds f1 ou d~ 1 repos ition.

The concenLraLlon of the radi.onuclide- in an- organ or solt Lissue UL

tihe Line. . at Ler dvt Onn Li on1. inI the Puise whO", tLh l it,_ sits - ! •e i! d in' ra

humann food. Is given by

N

= L.aouuigu (17)
k

where m k Is the mass of the LIMSiO that ContnJtnS tLho N a tonms,

For food prodtucts that are produced by an animal at an avorage (daily)

rite In which the c~ncpentrntton of the nuclido In tho produc-t (rmilik £roit

cows nnd eggs I orn chickens, for uxlmpli(2) in4 contirt iled tninln ~y by the 't'lmi-

iit iionl Of the nuclitdi' from n., . i v re ) body organs or tIssues, the IruIl o|

chri age o tI he number oI t at oImlls In tho sec rowt t| product in 1 s repre-c senite by

(IN IF./di It = I NIIt ntomu/dny (18)

wheI'- f1t is the fraction of the amount ellint nated from organ k that ontors

tie Food lnroduc .

internl Iontamcinatlon of Ani-ima 1s (Meat and Milk)

The analysis of data for d:erimining f I 'In k i k from expurhnlients In

which i .a singlerz i ngestoo (1 .o. . doco') ts admain I•t erl * d to alitmait w1 i.s i('i r-
riod out ulsing the following model oq ti onLi Ois. The u111111u)•"r of atollts ii( a nI

time in ii an organ Itn the simplified modtoe for the singl to I agestitor case

(nor- =nu:cotu't I n; tor mndloac tIv dW'ay) i _Is r'Iresente lcd Or-
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S . .i k 1 1.1)

A ik-i

where U is l A he11 1 :ItLi-i Of dtoansI inge sted and f 1 1  ia. thc r-lct:-inn that is
assinillaced (Wastan tanuously) by thile k hi organ. Vhe untubeur of atowq Ai im-
inated from a body organ In a secrcted product (tor examlple, In a! I the

eggs produced by a chickcen) h)otween t 0 and t is then

N .lef"I(o I - L-\k(t - toY 20
Nif 1ff " i - (20)

where ir !rS the fraction of the nuclIde. etiminaited front organ k. that
Is Incorporated into Lthe secreted product.

For atI.omts that a re eliminatud from a body orgun iln a seclr-.Lud ino(huct
(such as milk), 1h- rate ' elo chnge of the concentnation in the proihdict (as
a food) is given bl

F U0 0

c / if ik i •ik -'Nik(l - to)l. /dt z: u, (21)

in which 11f is the mass of the product. Muscle, or meat, however, is
treated as one body organ (occasionally even as whole body) so that the
concentration of a nuclide in meat is derived directly from Equation 19
by

f 0 0filk Ui '-; i k (t - - to )
C if - Lk c(22)

where mk is the total weight (wet basis) of the muscle (or whole body).

Much of the available data on the assimilation of radionuclides ty
animals and fowl is reported in terms of the fraction of the close (i.e.,
amount of the nuclide ingested), or fraction of the dose per tuiiL weight
of tissue, absorbed for a single ingestion and the fraction of the daily
(lose, or fraction of the daily dose per unit weight of tissuc, for a
chronic ingestion. Therefore, the above equations are converted, for
con'venience, to the fractional notations, For the single ingestion, FPk
and F are designated as the fraction of the dose assimilated; these

fractions. from Equations 19 and 20, are

F /N P f , kik(t (2t)

F k Nil ' i (
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i f i -I i k 1- 
-

hlIe [ ractioIls of Lhe dose pvr uni L neight of ti3ssue ar', rejpeettvoly.

F. C /U = f / it t -t (25)1k k 1 ik ''

and

CF ./U. f f /iWk at t >0 t (26)
if if = if ik k

ThLus the intercept of Equation 21 for Cif./Ui at LI = t is fifk im
for most dat'i, only the value of the produc, L if ik can be evaluated.

The fraction. of the daily close from continuous ingestion experimenL, al

data, using Equations 13 and 18, at steady state, are

F'ik = likiAik (27)

and

F if = f iffi (28)

Certain basic relationships between animal food ingestion (or intake)
rates and their body or muscle weights can occasionally be used to estimate
values of fik, fiffik' Or Wik if the value of one of the constants is

known and if the steady-state concentrations of a nuclide in both the

ingested food and the organ are known- Thi i ngestion-rate dependence ,:
muscle weight is described indirectly in Reference 11; to illustrate, lei

SK fIk (29)f fk

where Ini is the dry food intake rate, 'Ik is the muscle wiight, and K

is a constant for an animal. Also,

0
Ui = Cif Inf 00)
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and

Nik C Ikk (3i)

fine ".:aluc of 'ik /\k from Equations 29, 30, and 31 is given by

Ifk Cikii;= 1k(32)

ik Cif Kfk

Values of Xik and fik for muscle tissue (meat) that were derived
from various data sources using the above-described equations are suniiar-
ized in Table 14. In spite of all the published data on Sr-90 and its
accumulation in bones, practically no experimental data have been reported
on its behavior in the other (more edible) tissues of animals. The average
values of "'k, mf, and Itfk for the muscle of several fullgrown animals are
given in Table 15.

Internal Contamination of Fowl (Eggs and Meat)

The concentration of a nuclide in eggs is given by

dNifidt

Cif = mf atoms/gm (33)

in which mf is the average weight of an egg and e is the average produc-
tion rate in number of eggs per day. However, the whole egg is not used
as food; only the yolk and egg white (albt~men) are eaten. However, thie
yolk and albuen ihave slightly different assimilation patterns for radio-
nuclides such as Sr•"90, Ca-451 and 1-131.61-65 Therefore, if the yolk
and albwnen are taken together, the average concentration of a nuclide in
the two parts of the egg for a single ingestion is given by

c71  F I e1 -e~~ikt 0 )] + F [1 ek"I - to)] (34)

orl

U0 r

f " F 1 - - I -- Le - e ik(t - to)1 (35)
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Table 15

MUSCLE~ WEIGIMr AND FOOD INTAKE RATES OF SEVERAL ANIMALSZ

K
kn fi fk

Animal (VII) (gui/day) b (day -1

B~eef cattle 1.8 x 105 8 )' 103 0.045

Dairy cattle 1.6 x 108 x t 0.056

Sheep 2.4 -, 104 2 X 103 0.0083

Swine 8.5 x 104 '1 x 103 0.047

a From Reference 11
b Dry weight basis

60



or
0o -kw (to- ta)e- t

U 1 kj, F
C okvt aeXt~kjw [ e- Xik(t -to)

If 111fe (X k- k)W

+ 'ik~e -e"Xik(t - t)(36)

T1 _k W)

in which

Fie fiff ik (37)

and

F = f[ f (38)
~e if ik

Also, Xik and fif are for the yolk, Xkk and fif are for the albumen, and
m; is the average weight of the yolk and albumen. The weights (wet basis)
of the three parts of an egg from a mature hen are as follows: yolk--15
to 17 grams; albumen--24 to 27 grams; and shell--6 to 7 grams. The aver-
age value of m' for use in the above equations is 41 grams. The value of
Sfor laying hens may range from less than 0.5 to almost 1.0 egg per day;
an average of 0.6 egg per day is suggested. This production rate may be
somewhat less than that achieved in a well managed poultry fanr but it
also may be somewhat higher than would be obtained in the postattack
period of a nuclear war.

The general findings and conclusions irom the data on the assimilation
of radionuclides by fowl (mainly chickens) and the accumulation of the
nuclides in eggs are as follows:

1. The pattern of elimination of strontium and calciton from the hen
in eggs is about the same (see Figures 4 and 5)' however, in
some data, 6 6 discriminaLion between the two elements is shown.

2. For both strontitn and calcium, about 30 percent of the amount
ingested is concentrated in the shell of the first egg produced
following the ingestion. About 50 percent of the ingested amount
of these two elements is exc.eted (in eggs and feces) within
about 48 hours.

3. The concentration of all radionuclides (for which data are
available) in the egg yolk increases slowly after the start of
ingestion; for a single ingestion, a maximum concentration occurs
at about 4 days after the ingestion for cationic elements. For
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Figure 4

FRACTION OF DOSE ELIMINATED IN EGGS AFTER A SINGLE
INGESTION OF SR-90 AND CA-45 1
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Figure 5

FRACTION OF DOSE ELIMINATED IN EGGS AFTER A SINGLE
INGESTION OF P-32"
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1-131, the maximimm concentration in the yolk occurs at 6 days
after ingestion. 6 3 The concentration of all elements In the
shell and in the albumen is highest in the first egg and is
less In succeeding eggs. Some data (on single ingestions) sug-
gest that the concentrations of strontitum and calcium in the
egg become constant (or decrease very slowly) after about 3
weeks. No experimental work has yet been carried out: long
enough to establish whether the concentrations do level off.
If this occurred, the concentrations in eggs for a continuous
ingestion of radioactively contaminated food would increase for
a long period of time. The simplified radionuclide assimilation
model then would not be applicable for describing the situation.

The model equations do not represent the described buildup of the

concentration of strontium and calcium in the egg yolk. The slow buildup
of the concentration in the yolk, compared with the rapid assimilation in
the eggshell, suggests that a two-stage exchange process occurs in the
hen as the yolk forms. That is, the release of the elements utilized in
the formnation of the yolk is controlled by other body organs (which had
previously assimilated them). A more complicated mathematical model is
required to describe such a process; this type of process has been repre-
sented by model equations for the concentrations of radionuclides in milk
from the cow;67 a similar derivation could be made for egg production.

A sumnary of some derived assimilation model equation constant values
for poultry and eggs is given in Table 16. While the use of the derived
values of the equation constants in the equations should reproduce the
data from which the equation constants were derived, the poor quality
and limited scope of the original data limit the extrapolation of the
data (through the model equations) to order-of-magnitude estimates for
the concentrations of the listed radionuclides in the edible parts of
poultry and eggs.

Internal Contamination of Fish and Other Aquatic Organisms (Meat)

The assimilation of radionuclides by fish is complicated by the fact
that the fish would live in contaminated water as well as ingest contami-
nated foods. Also, other forms of aquatic organisms in the water and the
material containing the water (soil minerals, rock, etc.) will assimilate
or adsorb otherwise soluble radioelements from the water in competition
with each other. Since, in most data, the two uptake processes (absorp-
tion and adsorption) are not separated, the gross assimilation of a radio-
nuclide is given in terms of a concentration factor or uptake contamination
factor. It is designated as aWU and is the ratio of the amount of a radio-
element in atoms (or as activity) assimilated per gram of muscle (or other
body part) to the concentration of the radioelement in atoms (or as activity)
per milliliter of water at equilibrium. However, it may be noted that very
few of the reported investigations actually show the necessary data to
establish the fact of equilibrium for a given particular experiment. Thus
some variation in the derived a wU values is due to measurements of non-
equilibrium systems.
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i

Because of the complexit N of nat ural ood c hallin; o0' f-JJi1 vh. witC iu
an aquatic envir'onitentL the observd values of the uptake contailnillat loll
factor for such systtens are restricted to the t.Ype of onlvironiUUont uor

which they were observed.

"The concentration of a nuclide In the f£ish. or oikganism, as a food
is gýiven by

CI - W (i )( (:Jg)
SIf WU I w

where Ciw is the concentration of tho nuclide in the valeor al a steady
state (or equilibriku) and aWU is in mi/gm (usuallv wet weight basis).

Values of aWU of Cs--137 for plant and animal organlims v) -n arti-
ficial freshwater pond, as reported by Pendleton and Hanson. at'e given
in Tables 17 and 18. respoctlvely. It may be noted that the a%1j values
for the two herbivorous fish are very high. In the reported experiment,
only 5 percent of the injected Csd137 rn•a•miaied in the water at 5 hours
after addition. and at 5 days, only I percent remained in the water.
The awu values of the algae, snails, and tadpoles were in excess of 100
within 2 hours after injection of the Cs-137. The aWU values of Table 17
are generally higher than most other reported values.

Values of awu of Sr-90 for freshwater organisms in Perch Lake,
Ontario, Canada, as reported by Ophel70 are listed in lable 19.

The contamination factors of aquatic plants, in a more detailed
study of the food-web system in Doe Run Creek, Meade County, Kentucky,
as reported by Minokeley et al, 7 1 are given in Table 20, for gross beta
measurements, and Table 21, for Sr-90 and Cs-137 measurements. In this
study, the plants and animals are listed respectively as producers and
consunmers in order of their major position in the food chain. The fish,
cottus carolinae, is carnivorous, and therefore its aAU value is much
lower tha the herivor'ous first conlsuffer's. Tile seconct consuners may
eat both producers and first consumers (but at least partially feed on
the latter). It is seen that the contamination factor values for the
first consumers are as large as those of the producers but that the valut-
tend to decrease for the second and third consurmiers.

Contamination factors for several nuclides and marine microorganisms
in fresh water and seawater are given in Table 22. Two points of notice
are: (1) the contalnination factors for the rare earth elements, Y-91 and
Nb-95, are much higher than those for Cs-137 and Sr-90; and (2) the con-
tamination factors are mIch lower in seawater than in fresh water. Con-
tamination factors of Sr-89, Sr-90, and Ca-45, as reported by Townsley,72
for a small fish exposed to contaminated fresh water and seawater are
shown in Table 23; in these reported experiments, only the tank water was
contaminated. Although the experiments were carried out for three weeks,
equilibrium assimilation apparently was not achieved fox, the whole fish
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Table 17I

CONrAMINATION FACTORS OF CS-137 FOR FRESHWATER PLANT ORGANISMS
IN AN ARTIFICIAL POND a

}a

1wLJ
Plant Organism (mVI/Egma)

Net plankton 1,000 - 25,000

Green algae

RlhizocloniLUi and oedogonium 1,500 - 4,000
Spirogyra 400

Submerged vascular plants

El odea 1,000
Ceratophylli,-nn 400
Pot amoge ton 700

Floating plants

Lea na 500

Azolla 250

Emergent plants
Scirpus

Culms 50 - 90
Seeds 300 - 400

Typha

Leaves 200
Seeds 100

Po 1 ygonum
Leaves 600

Seeds 400

a From Reference 69
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Table 18

CONTAMINATION FACTORS OF CS-137 FOR FRESHWATER ANIMAL ORGANISMS

IN AN ARTIFICIAL PONDa

a
%vU

Species 0111/u!)

Snails (radix) 6 0 0 b

Arthropods

A•nphipod 11,000
Damself ly nymph 800
Dragonf ly nymph 800

Amphibians

Bullfrog
Tadpole flesh 1,000

Adult flesh 8,000

Fish

Carp muscle 3,000

Sunfish muscle 9,500

a From Reference 69
b lik 0.05 day-

68



Table 19

CONTAMINATION FACTORS OF SR-90 FOR FRESHWATER DRGANISMS
IN PERCH LAKE, ONTARIO. CAAADAa

"iWU
122 ies (ml/gm)b

Aquatic plants 280
Bottom sediment (1-inch layer) 180
Clams (soft tissue) 730
Minnows (whole body) 950

a From Reference 70
b Wet weight basis
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Table 20

GROSS CONVAMINATION F~ACTORS FOR FR1tESIIWA'E.R PLANTS ANID ANWhAI.S
IP D)OE RUN SPRING STREAM IN MEADE COUNTY, KENTUCKY"

ab

im -i2Stcation Ih Station 1v"

Cytanophyta (pho1-I'nvLM clUn mcl ow.1liatori' I) 1 ,400 950

Rhodophyta (batranhlosporvuf) 170
Cbry.90jphyAta (di aton:1) 1,300,-A. 700 8i1(0
Chry.-c~pfyta (vauchorla) 860 880
Chlorophyta (dichotomostphon, etc.) 11000 950
IBryophyta (fissi~dens) 980 O
Marl andi contained algae -400

Fir~st consuriei's

Ainphipoda 340 2,000
Isopoda 2,600 2,100
Ti puIi dae 590 290
Chi ronomidae - 1oo0
Trichoptera 2,000 1100
E p Iemor opt era 1 .6300
011 gochcac Lu Fma 1
Goniobasi s 220 300

Secondi consunners

Piecoptera - 1,900
Megalotein.1 300

140 trops is spi 11) tePus 160
Etheostoma flabellare -270

Third consumers

Cottus caroliziac 130 110

a In terms of gross beta activity, which was mainly 131-214;

from Reference 71

1) Station I -I-, at the creek source; Station IV is about 5 miles
downstream from Station I
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Table 22

CONTAMINATION FACTORIS FOR THE A88IM14II'rON OF SR-90 AND CS--137
IN FRESHWATER ANIMALS

IN DOE hUN SPRING STREAM IN MEADE; COUNTY, 10NTUCKya

Specsr 0e3S~9 Cs-i:37

Ainphipoda (garnwar-LIA) 2(0 440
½F0h)O(Ilt (r~uio2u~f) 1,100 1,200
T I p kilida 0 3,300 1.,000
Triclioptera 1, 200 920
Ephomneroptera 1,500 720
0V0)1Qc t UfP~ I'Ll tICUS (clrayfill) 570 290

BSocond coilsumjors

Plocoptera 11000 780
Ethoostoina flabollare (fish) -500
Cuinbar'tim bartoni (ellayfish) 130 67

Third conawlmors

COttLue carolinao 130 67

a TFrtort R&4 .,rinco 71
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Table 22

CONTAMINATION FACTORS OF SEVERAL RADIONUCLIDES
FOR MICROORGANISMS IN AQUATIC ENVIRONMENTS

a wU

Organi sm Nuclide (mi/gm) Reference

Fresh water

Bacteria Cs-137 15-26 75
Chlamydomonas sp. Cs-137 28
Platymonas elliptica Cs-137 50

Y-91 53,800
Nitzchita sp, Cs-137 100
Ochromonas sp. Cs-137 980

Y-91 46,600
Nb-95 83,700

Seawater

Bacillariacae Cs-137 1.2-1.7 76
Sr-90 17

Ce-144 2,000
Chlorophyceae Cs-137 1.3-3.1

Ce-144 2,400
Rhodophyceae Cs-137 1.3
Open sea phytoplankton 77

G. simplex (48 hour) Sr-90 19
Y-90 360

K. rotundata (48 hour) Sr-90 380
Y-,90 0

a Wet weight basis
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Table 23

EFFECT OF ASSIMILATION TIME AND WATER ENVIRONMENT
ON TTlE CONT-A1INATION FACTOR OF FIS11a

time of (__/___
Contact Fresh Water Seawater

(days) Sr-89 Sr-90 Ca-45 Sr-89 Sr-90 Ca-45

1 9 - - 0.8 - -

2 9 - - 0.3 - -

4 18 - - 0.7 - -
7 - 24 29 - 0.8 1.4
8 22 - - 1.0 - -

14 - 44 78 - 1.5 3.0
16 49 - - 2.0 - -
21 - 67 106 - 2.7 4.4

Fresh Water

Sr-89 and Sr-90: a wu = 3.1 t, t = 0 to 21 days

Ca-45: aWU = 5.1 t, t = 0 to 21 days

OR = a Wu(Sr)/a wu(Ca) = 0.62

Seawater

Sr-89 and Sr-90: aWU = 0.13 t, t = 0 to 21 days

Ca-45: awu = 0.21 t, t = 0 to 21 days

OR = a '(Sr)/a wu(Ca) = 0.62

Both Elements, aWU (fresh water)/aWU (seawater) = 24

a Tilapia mossambica; from Reference 72
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because the awu values increased throughout the course of the experiment.
However, at all times, the contamination factor for the fish in fresh
water was about 24 times larger than for the fish in seawater.

The contamination factors for several marine animals in seawater,
with and without contact with clay materials, are given in Table 24, as
reported by Duke et al. Because of the short exposures (24 hours) no
assurance is given that thle aWU are equilibrium values.

Experiments on the force-feeding of growing rainbow trout with Sr-90-
contaminated feed for 21 days, as reported by Nakatani and Foster, 7 4 result
in the following average concentration intake-rate ratios:

C9 0 (whole body)/U 0 = 0.097 ±- 0.010 days/gn of fish (40)
9090

and

C (muscle)/U90  0.0055 - 0.0020 days/gm of muscle (41)

90 90

In the same experiments, data were obtained on the lethal uptake concen-
trations; at a feeding rate of 0.75 mc of Sr-90/day, the following killing
rate (in excess of normal) was observed: 20 percent dead in 17 days, 50
percent dead in 21 days, and 100 percent dead in 25 days.

Although the reported data reviewed to date on the assimilation of
radionuclides are entirely unsuitable, from both a coverage and a measure-
ment accuracy point of view, for the evaluation of assimilation models,
the following aWU values are tentatively selected for use in estimating
the contamination levels of fish food, given the concentration of a nuclide
in the water:

atoms/gm muscle
ýatoms/ml water

Species Cs-137 Sr-90

Fresh Water

Fish (herbivorous) 1,000 100
Fish (carnivorous) 70 8
Clam 2,000 700

Seawater

Fish (herbivorous) 2 4
Fish (carnivorous) 0.5 0.3
Shrimp 2 5
Oyster 2 5
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Table 24

CONTAMINATION FACTORS FOR SEAWATER MARINE ANIMALSa

Animal Nuclide (ml/gm) Animal Part

Feed only (force-fed)

Fish (Fundulus similis) Cs-137 0.38(s)c Body

Contaminated environment (24 hours)

Fish (Fundulus similis) Cs-137 0.19(s) Body
Cs-137 0.50 Body

Shrimp (Palaemonetes pugio) s-137 1.87(s) Body
Cs-137 1.93 Body
Ca-45 6. 13(s)d Body
Ca-45 4.42 Body

Oyster (Crassostrea virginica) Cs-137 1.80(s) Soft tissue
Cs-137 1.56 Soft tissue

a From Reference 73
b Wet weight basis; 24-hok" exposures
c (s) indicates contact with clay
d ik 2.5 day-1 (gross elimination rate into clean seawater)
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It is expected that these a values, based on partial analysis of

incomplete data, could be revisedas the data summaries and analyses

become more complete. Also, the model for estimating the uptake is not

fully developed conceptually. Additional data on relative populations

of producers and consuaners in selected environments are still needed.

For example, if the fish population were n fish/ml and there were no

other competitors present for taking up the radioactive atoms, the average

whole-body concentration would be given by

a C0

WU ]iw (42)
Cik 1 + miknvaWU

where Ciw is the initial concentration of the water, as computed from the
fallout deposition model, and mik is the average weight of the fish. It
can be seen that the distribution of the C0  atoms deposited in a real
marine environment is a complicated function of the biological community,
including the dietary habits and the reproduction and growth patterns of

Y each member.

Absorbed Dose for Humans

"Once estimates have been made of the human ingestion rates, Ui, of
each radionuclide, i, to be considered, it is possible to generate reason-
ably reliable estimates of the dose to any organ, k, from each nuclide.
These estimates are based on simplified representations of the human in-

gestion, organ assimilation, and body elimination processes. These rep-
resentations are much the same as those postulated by the International
Committee on Radiation Protection, 3 7 and much of the data on the model
parameters is taken from their report.

There are two major divisions of the absorbed dose model. The first
deals only with those organs in the gastrointestinal tract. The assumlp-
tions of this model, as given in a separate Stanford Research Institute
report,38 are:

1. The absorbed dose (in rads or reins) of each gastrointestinal

(GI) tract organ is equal to one-half of the absorbed dose
calculated for the contents of that organ.

2. No radioactive atoms pass across, or through, the wall of the
stomach and large intestine.

3. A given fraction of some of the soluble radioactive elements
passes across, or through, the wall of the small intestine as
long as the contaminated food (or water) remains in this organ.
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4. The contents of the digestive tract move continuously from one
organ to the next at; rates (and in amounts) determined by the
intake rate assLmiptions of the model.

5. The radioactive atoms are uniformly distributed among the organ's
contents as soon as they enter that organ.

6. The steady-state concentration of a radionuclide in the contents
of a given GI tract organ is reached, after first entry of the
food (or the contents), in a time equal to the average time that
the contents normally stay in the organ, This assumption is re-
quired to follow assumption No. 4 in order to adjust the concen-
tration to the condition for a uniform rate of ingestion.

The second model deals with all of the remaining body organs, includ-
ing the total body considered as one organ. Using the results of the gas-
trointestinal-tract model, it assumes' in addition, that a given fraction,

fik, of the amount of radionuclide, i, entering the blood at any time is
immediately taken up by organ k. Furthermore, it is assumed that the in-
stantaneous rate of elimination of the nuclide is proportional to the
amount of that nuclide present in the organ at any time. The proportion-
ality constant is Xik, the biological exchange rate. However, in calcu-
lating the rate of absorption from the blood, only the material entering
the blood from the small intestine is considered; no provision has been
made to consider the possibility of the recycling of materials excreted
from other organs into the blood.

With these assumptions, it is now possible to write down a simplified
differential equation for the number, Nik(t), of atoms of a particular
radionuclide, i, in an organ, k, at time t. This equation is

dN k(t)
1dt' =k g(t) - pN k(t), ta <: t :5- tb (43)
dt ik A b

where g(t) is an uptake rate function whose form depends on the organ
involved and the time period, ta to tb, for which it is valid. The
equation also involves an elimination rate corstant, p. which is the slim
of the radioactive decay constant, X1 , and some number of biological or
physical decay rates, any or all of which may also be zero. In order to
solve Equation 43, it is also necessary to specify an initial condition,
which is usually taken to be Nik(ta). With this initial condition, the
solution can be written in the completely general form,

Nik(t) A g(t,)e-P(t - t') dt + N - (t )e(t - ta) t a t • t (44)Sta
i aa ba
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There are usually at least two time periods to be considered in the
calculation of Nik. The first begins when the first radioactive material
reaches the organ (i.e., Nik(ta) = 0) and is called the buildup period.
This period ends either (1) when the organ reaches a state where food and
radioacitve elements leave the organ at the same rate they enter, as in
the digestive tract, or (2) when the blood concentration has stabilized,

* except for radioactive decay, as for the remaining body organs. At that
time, the uptake rate function, g(t), changes, and the steady-state period
begins. The latter is usually of indefinite duration; i.e., it holds for
all t Ž tb, where tb is the end of the buildup period.

As an example, consider the stomach as the organ of interest, A
radionuclide, i, enters the stomach in food and water at a rate of U
atoms per day. (In the simplest case, Ui = Uoe-it where is ai UI i eo
time ingestion rate.) For this case, the rate of change of the tiumber of
atoms of nuclide i in the stomach is represented by

dN. k
--- U - N t g t (45)
dt i i iktO (05)

By the second asstumption, only radioactive decay depletes atoms in
the stomach. The times, to and tl, are the time that ingestion of radio-
active food begins and the time that the stomach begins to pass this food
to the small intestine, respectively. The solution, in the simplest case.
is

N = U°(t - t )ei t 0 t • t 1Nik 1 0 '01(6

in which N ik(tO) has been set equal to zero,

In the steady-state peiod, as many nuclides leave the stomach and
enter the small intestine as enter the stomach so that g(t) becomes zero
and

dNi k

dt X iNik t t 1 (47)

Again, the simplest case has the solution

o 0)-Xit t
N = UI.(t. - t , t .t (48)
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in which N i(t ) has been set equal to U0 (t I t 0)e- it .1k 1 1 (

For SOluLions for other organs and for absorbed dose ftIctions asso-

ciated with the presence of the radionuc lides in each organ. sep Rofer-
ence 38.

i-ouaTerm IlhunaI Response to Ionizing Radiation l)ones

The currentlv available estima tes ol the onig-terin biological response
to ionizing radiatlon doses are stnuimarized below as a function of the
exposure and/or absorbed dose. It Is not po.sslbo to spoclfy thi distri-
buttion or 1ong-t t e-l doses fit tihe populiatlon without detai led knowledgiz of
the living routines and (he environment of the population. {{oweveri It
is possible to specify an uppvr 1imit for absorbed iosue• that 4hould not
b(- exceided I' people are to ovold earl%, Off•e ts of radiation. An Ei1 i)(max)
of 200 roen tgens Is gineoral yi vconldo , ered to be tile threr-liold for t-rl.
Ci fi'cr ts o¢f 'a. (I I. ioil. Unforttunatolv. thle L.11 I- livithur a mioa•.irab{le

pheilwenlloll n1o1 verNy conoili'iiL Lo use in Somo appli|ca.tions. Honlo , it
consistent and convenient set of criteria, using measurable, pheno),lena. was
developed to approximate the 200 roentgen ERD(maHX). Using these cri teri,

civil defense programs would be designed to limit radiation exposuros to
190 vuoentgens in 1 week, 270 roentgonag in -1 month, and 700 roentgens in
1 yoar. Only pQol)ol who reside ikL a1e'as having vV0'ry high levels of fall-
out. or who are required to operate vital systems in such areas, should
appr, ach these limits, The response data and estimates of the long-term
effects at the threshold doses for Rhort-termn effects are given in the
follnwi ng stulmmary (for eachi long-ternt response), as obtained frrom Rofefr-
ences 78 through 81

Lo ukom I a

1 Q 1.2 x 106 (D - 100)N cases/yr (49)C C

where 1) is the external dose in rIontgens -oto2lvivod by tLlt niubloilbo of people.

Ne, no exposod over tile time of I year.

. 5 -5N
5, 0 N 10 1 cases/yr (50)

where K) is the normal incidence rate and N.. the total pc•put ation- the

rate doubling (lose is about 150 roentgens.

it .2 10o6 (1) .O000)N ca.es-qvr (5i)
C b(

70



where ib is the absorbed (lose In rnem to the whole skeleton frow radio-

nuclides assimilated by the bone.

Exposure to 700 roentgens of external gamma radiation within 1 year

would result In 720 additional cases of leouwimia per year per million

people uxp)osod RS CoMpared with 50 caseS per year per million people in

the peacetime population,

Bono Tumors

= 2.0 1 (D - 1O0)P, caseot/yr (52)
C2 0

ii 2.0 x 10i (Du - i.500)N cases/vr (53)

c b U

Eiposure to 700 roontgens of external FrInun11t& VACfdlftt on w.l.tlJnl I Vef.(r
would rosult In 120 additional cases of bone tumors per year per million

people exposed.

Single Exposure Dose

to Gonads"
(roentgens) ...... -_

25 Threshold for detectable temporary
t!isue daiango

100-200 Temporary subfarti l lty
Temporary sterility in most men and

women for I to 2 years
,400-600b Permanent sterility In many pooplo

u Responsu is moro prodr-iinant at the lower dose when received

at low dose rates over a long period of tline.
b A whole-body dose of these amoinats would be letheil.

Whole-body doses that would accompany a short-tenr dose of 200 roent-
gens to the gonads (threrhold dIose for temporary sterilityNL) would exceed
the exposure dose crietrio)t of 190 roentgens In I week. Pt.rmeunt stel' itt\
should niot be expectod in many healthy survivors as a result of (,xternal
gIaIuna radIatlon to the go.ds k esul, 1.oing frow radioiogical fallout Aince
tile threshold dosos for this roeponse are in the lethal range.
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Radiation Cataracts

Exposure Dose
(roentge ns) Response

200 Threshold dose for a single expo-tue
400 Threshold dose for exposures of 3 to 12

weeks duration
550 Threshold dose for exposures of more

than 12 weeks duration
500" Throshold for clinically significant

cataracts, single exposure

a A whole-body dose of this amotut would be lethal.

The throrshold doses for radiantion cataracts are comparable to the
maxiimnum permissible doses for emergency operations developed in this
research. 'Cio threshold for ciinically significant cataracts is compar-
able with the criteria for fatal radiation doses. Hence, although somIe
development of radiation ca.taracts is to be expected, rulatively few

should be clinically -,gnificant.

Shortening of Life Spana

Brief doses:

-ay/y = 8 x 0 5 D; D s 150 (54)

where l) is the exposure dose in roentgens and -AY/Y is the fractional

decrease in life span.

-LY/Y L 1.2 0- 10-exp(0.0128 U)' 150 - D < 50O (55)

n AY/Y is taken as tile midrange value for those estimated as being appli-
cable to a given exposure-dose range; in all cases. the spread in the

roported -A)Y/Y valhues Is within ' 0.5 AY!Y as calculated from tile

f ormula I



One-month doses (approximately):

-Y/Y = 8 x 10 D; D s 150 (56)

-AY/Y = 3.4 x 10 3exp(0.0057 D); 150 • D r 1,000 (57)

Protracted dose (miany months):

-AYY = 8 X 10- 5D; D < 2,000 (08)

Exposure to 190 roentgens in I week or 270 roentgens in 1 month would
shorten the life span of Individuals so exposed by 0.015 percent, or up to
1 year, depending on the age at thle time of exposure. Exposure to 700 roent-
gens in I year would shorten the life span of individuals exposed by
0.056 percent, or up to 4 years, depending on the age at the time of
exposure.

Genetic Effectsa

Persons with impaired vigor or fertility:

= 6 x 10 N D cases (59)
a a

where D is the exposure dose in roentgens and N' is the number of pro-
ductive parents that have received the exposure dose, D, up to the time
of conception and that produce offspring at an average rate,

a Values of n. are for the number of cases over many succeeding genera-
tions where all original parents receive the dose, D; the equation
constants were derived from midrange values of reportod estimates of
genetic effects, with the spread in the latter being within a factor
of 2 of the midrange value. The upper limit value of D is not speci-
fied, but it is assumed to be equal to the threshold dose for lethality
of the parents. To estimate tile effects for the first generation,
divide the calculated nx values by 30.
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rFetal or neonatal, deaths:

3 \ 10 3NbD cases (60)

where Ni is the number of conceptions for people having received the
exposure dose, D (normal number is 0.1 N )

Stillbirths mid early childhood deaths:

n = IX 10- 3N'D cases (61)
c C

where N' is the nuiiber of pregnancies for parents that have received the
C

exposure dose, D (normal number is 0.05 Nc).

Infant mortality during first year of life:

--4

n = 1.3 X 10 NdD cases (62)

where Nd is the number of parents that have received the dose. D (normal

number is 0.026 Nd).

Major defects in newborn:

n = 3 X 10 4N'D cases (6J)

where Ne is the number of live births from parents that have received thu
exposure dose, D (normal nLmlber is 0.025 N ).

Exposure of both parents to 700 roentgens would result in about

140,000 cases of impaired vigor or fertility per million parents in the
first generation. If the entire population was exposed to 700 r'oentgens,
a total of foutr additional offspring per originally exposed normally
productive parent would have impaired vigor or fertility over many suc'-
ceeding generations.

Exposure of both parents to 700 roentgens would result in increasing

the fetal or neonatal death rate fron the present 10 percent to 17 percent
in the first postattack generation. If the entire populati on werit exposed
to 700 roentgens, a total of two additional fetal or neonuital deaths per

conception by originally exposed parents could be expected over manv gen-
erations,
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Exposure of both parents to 700 roentgens would increase the still-

births and early childhood deaths from the present 5 percent to 7 percent

in the first generation. If the entire population was exposed to 700
roentgens, one additional stillbirth or early childhood death per concep-

tion by the originally exposed parents could be expected over many gener-

ations.

Infant mortality in the first year of life would increase from
26,000 to 29,000 per million parents in the first generation if both
parents are exposed to 700 roentgens. If the entire population is exposed
to 700 roentgens, infant deaths could be expected to increase by 91,000
per million originally exposed parents over many succeeding generations.

If both parents are exposed to 700 roentgens, major defects in new-
born infants could be expected to increase from the present 2.5 percent
to about 3.2 percent. If the entire population were exposed to 700 roent-
gens, 210,000 additional birth defects could be expected per million live
births in the first generation. Unfortunately, no data are available for
estimating the genetic effects that might result from mixed closes (e.g.,
one parent being exposed to 700 roentgens and the other having no exposure).

Gut Response, Internal ~Emitters

Absorbed Dose

(rads) Response

100 Threshold for nausea, vomiting
1,000 Threshold for ttunor production
1,300 Threshold for acute radiation injury

In the cases considered in the third section of this report, the
absorbed dose to the lower largo nLestotrie was well below the throelhold
for nausea and vomitilng.

ThyroidfResonseIsitrnal Emi teers

Absorbed iDose

10,000 '- 6,000 Threshold for hypothyoIolelifair
80,000 -_ 20,000 COIILPUI doatruuctlon of tLhyt•ol d

150,000 $ 50.000 C(ompklret doetruction of thyroid

a For adult I)0111,a1I. lid'unt LtiYvoidn gre. mto;r highly utiicoptij, 11o
(lInage; IihrIihfilid vxposulre dOle for •c•ar'eAI)ORl o in lhi thyroid of
chl Idroai and voltinllf a1xltiI I'tot, at |Liof' UXI)OHLi', In h i O abo t1 () t'(11 4--I Ig-ll"
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In the cases considered in the third section of this report, the
absorbed doses for adult humans were less than the threshold for hypo-
thyroidism. An external. dose that would result in a brief exposure dose
of 200 roentgens to the thyroid of children would exceed the selected
whole-body exposure dose criterion. Larger brief-exposure doses would
result in the whole-body syndrome.

Computer Program Data Base

Diets, Crop Yields, and Planting and Harvest Dates

In order to apply the derived contamination and other model equations
to an attack on the United States, it was necessary to set up an agricul-
ture and livestock data base. The county was chosen as the smallest geo-
graphical division dictated by the data base in the U.S. Census of Agri-
culture for 1959.8ý

Accordingly, each of the 3,071 counties in the United States was
assigned an identification number, and the centroid was located in both
Universal Transverse Mercator and latitude and longitude coordinates. In
the case of 90 large western U.S. countifr, the agricultural centroid was
chosen.

The following types of data were then recorded for each county.
(1) acres to each of 48 crops; (2) plant-harvest dates for each crop;
(3) acres to pasture; (4) mean annual rainfall; (5) exchangeable Ca+-

in soil; and (6) number of cattle, milk cows, swine, sheep, and chickens.

Crops wore included on the basis of importance in the 1955 U.S. diet 8 3

and importance as fodder. The major food items (of all kinds), abstracted
from Reference 83, are shown in Table 25; the crops selected for this study
,.1G Aow in Tablc 26, together -4 - -...... w-o.. currently representative yields. For
this study, "crop" means a particular planting of a given item (e.g., sum-
iner carrot Is one crop and winter carrot is another). This was necessary
in order to properly assign plant-harvest dates and acreage. For this
reaseoL, the 22 items listed in Table 26 multiply into 48 crops.

Planting and harvesting dates were noc'xssary in order to determine
(I) whether a crop was standing at the time of attack, (2) if the dose to
fftti'1ei's would have precluded harvesting, (3) if the land could have been
entered at the next scheduled planting, and (4) the times over which
worldwide fallout was to be integrated for root uptake and foliar contami-
nation assossments, Those plants that stand all of the time (such as
t.lfalta, thmothy, and the fruit trees) were assigned a "planting" date of
I day after the harvest date.

Plant-harvest data were taken primarily from Reference 84. with sup-
plormontal information from References 85 through 90. Representative values
of planting and harvesting dates by crop are shown in Table 27, although
th, particular valves entered in the computer program actually varied
considerably from one couinty to anothe'r.
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Table 25

CONSUMPTION OF MAJOR FOODS PER PERSON
IN THE UNITED STATES

1955

ConsumptionRate

Item (gn/day)a

Milk, all forms 633
Meat, poultry, and fish 233

Beef 81
Pork 74
Lamb and mutton 6
Poultry 46
Fish all kinds 26

Wheat 194
Potato 117
Sugar 81
Orange 64
Fat and oil 58
Egg 55
Tomato 43
Sweet corn 42
Bean 34
Apple 29
Grain other than wheat 28
-Lettuce 23Grapefruit 22
Melon 22
Cabbage 19
Peas 15
Onion
Peac h 14
Carrot 13

a Table weight basis
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Table 26

YIELDS OF SELECTED U.S. CROPSa

1962

Fresh Yield
Crop (tons/acre) Notes

Leguminosae

Pea (Pisum sativum) 1.0 seeds
2.5 pod and seeds

Bean (Phaseolus vulgaris) 0.75 dry
2.5 snap and wax

Soybean (Glycine max.) 0.75 seeds
2.5 hay

White clover (Trifolium repens) 2.0 hay

Alfalfa (Medicago sativa) 2.3 hay

Gramineae

Sorghum (Sorghum vulgare) 1.1 grain
2.0 foliage

Corn (Zea mays) 1.4 grain
1.75 ear

Oat (Avena sativa) 0.64 grain
2.0 hay

Barley (Hordeum vulgare) 0.75 grain

Wheat (Triticum vulgare) 0.75 grain

Timothy (Phleum fratense) 2.0 hay

Chenopodiaccae

Sugar beet (Beta vulgaris) 17

Amaryllidaceae

Onion (Allium cepa) 13 dry

Cruc If erae

Cabbage (Mrafsica capitata) 16

a FRom l"'i'evnce 85
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I
Table 26 (concluded)

Fresh Yield

C rop2 (tons/acre) NotesI Rosaceae

Apple (Malus and mill.) 0.145 tons/treetPeach (Prunus persica) 0.048 tons/tree

Rutacceae

Orange (Citrus sinensis) 0.125 tons/tree

SUmbelliferae

Carrot (Daucus c.rota) 8.6

S~So lanac eae

SPotato (olanuma tuberosum) 9.6

Tomato (Lycopersicon esculentum) 10

Compositae

Lettuce (Lactuca sativa) 8.5
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Table 27

AVERAGE PLANTING AND HARVEST DATES, BY CROP

Day of the Year
am_ Plant Harvest

Corn 136 289
Sorghmn 163 288
Wheat, winter 278 190
Wheat, spring 110 228
Oat, winter 281 163
Oat, spring 98 198
Barley, winter 278 173
Barley, spring 105 216
Dry bean 152 258
Soybean 147 285
Alfalfa 205 204
Clover and timothy 198 197
Oat and other hay 98 197
Potato 130 252
Green pea, spring 89 165
Green pea, sumner 119 197
Sugar beet 112 289
Tomato, winter 349 60
Tomato, spring 50 150
Tomato, summer 135 224
Tomato, fall 156 252
Sweet corn, spring 46 144
Sweet corn, sunmer 136 232
Sweet corn, fall 232 316
Sweet corn, winter (Florida) 319 66
Snap bean, winter 362 45
Snap bean, spring 80 152
Snap bean, summer 145 223
Snap bean, fall 231 294
Cabbage, winter 308 43
Cabbage, spring 28 134
Cabbage, summer 135 230
Cabbage, fall 187 224
Dry onion 95 243
Carrot, winter 290 43
Carrot, spring 22 132
Carrot, sunmer 140 243
Carrot, fall 210 320
Lettuce, winter 286 24
Lettuce, spring 344 107
Lettuce, stuwier 125 200
Lettuce, fall 220 315
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Table 27 (concluded)

Day of the Year
ro Plant Harvest

Apple 251 250
" Peach 222 221

Valencia orange (Arizona) 62 61
Valencia orange (California) 202 201
Valencia orange (Florida) 110 109
Navel orange (Arizona) 365 364

SNavel orange (California) 46 45
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Foliage Contamination and Crop Ca-sualtv Proram (I.on Fal Fa! folt)

Using the inputs described, and the (lose criteria established else-
where ill this report, tile following computations were made for each
crop-county combination:

1. Total acres devoted to crop.

2. Cumulative harvestable acres on which foliage was contaminated
to a given level (atoms/gm) for each of six radionuclides.
These were cLDnulated, by acres, for a selected series of con-
tamination levels in atoms/gm.

3. Acres destroyed by direct external gamma radiation, using
lethality criteria described elsewhere.

4. Unharvestable acres (acres, the harvest:'ng of which, at the
normal time, would have led to an ERD(max) greaber than 200
roentgens, under the conditions described elsewhere).

5, Unplantable acres (acres, the planting of which, at the normal
time for the next crop, would also have led to an ERD(max)
greater than 200 roentgens).

6. Unplantod acres (acres of crop not yet planted at time of
attack),

Results were printed out by crop-state, with national summaries for
each crop. These were further snummarized nationally for like crops, such
as apring and winter wheat, labultod wheat.

As mentioned previously, foliar contamination, as computed, is the
gross supoorricial nurm ber of atoms per gram of plant above ground. 'I'ho
c:'orreA111idlng qfiant, LIV Fov LI1o non(romovub e and(I absoPDed act lvi t y 1In
the fruit or edible part 1i consildurably lower, The fracLions, I p, by
which the comiiputod valuso ty'e to be muL.tip1 Ud to obtain odilble-part
coci-euftraLtons aru glvuon In Tabl- 28. They werei estimated f'rom the f'l -
lowi ng atl lowanico

Root vugotablost No diruet relation botw,,n top Contmininauti on
and root content, but 0,1 of follar contami na-
Lion allowed for unavol dabio contIlalnat ion In
harvU1s .tl11g uind C.1 fov pirocumm ig

Fruitis, gralnF,
and pod vegetablem: 0.5 for grzvwtl i of' the p1!Rtt (on thie ave

aftLr contaminot I on and 0.01 Lo 0.02 for tibi)5orp-
Lion Into tlI iuw . WhI)eat flour/grain, 0.2 52

,Leafy v'gal.iiableo ": (1.5 for jCo(JWt l 111 0. 0.1 Ior procoNHS1I g

Iity: 0.5 f•or irrowth only



Table 28

FRAMION OF GR0SS FOLIAR CON''MINATTON
FROM LOCAL PALL)UT A.-SOCIATED WITU EE)IBLE PILAN PART'S

2L f a-

Sweet corn 0.005
Sorghtun grain 0.005
Wheat

Grain 0.005
Plour 0.001

Oat
Hay 0.5
Grain 0.005

Barley 0.005
Dry bean 0.005
Soybean 0,005
Alfalfa 0.5
Clover, timothy, and other hay 0.5
Potato 0.01
Green pea 0.005
Sugar beet 0.01
Tomato 0.01
Snap bean 0.005
Cabbage 0.05
Dry onion 0.01

Carrot 0.0]
Ltt uc e 0,05
Apple 0.01
Peach 0.06

a All nucli.does
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Mi ll Production Progy.m

The effccts of n mILc lalr st riho on Lho cow population and 81( 1k pro-
cluction were assessed by caiculattl".g, on a counLy basis. the followiag:

1. Total cows,

2. COWs surVlvIIng dlreett giumuet radiation. Tihe eXpOs ure (dose? cri-
teria for both the cow and the farmer, in terins of the limiting
11 + 1 intensltlus, are pre.ented elsewhere.

3. Milk production, in liters per day, from cows surviving on
pasture land contaminated to a given level (atons/gmi8) for each
of six radionucliides. These were cumulated in ten concentration
ranges, one-half decade wide. extending from < 5 X 108 to < 1013
atoms/gm. As discussed elsewhere, the pasture grasses always
survive if the cows survive.

The results were stmunarieed by state and nation.

Postattack Crop Contamination Program

This program was concerned with the entry of radioactive atoms into
the edible parts of the crops planted subsequent to a nuclear attack.
In this study, only the first crop following the attack was considered.
Computations were made for two mechanisms of nuclide entry into the food
chain under the following conditions: (1) uptake, through the root
system, of available nuclides deposited on the soil with local and world-
wide fallout, the latter integrated up to planting time, and (2) fruit
and edible.-part contamination from worldwide fallout, integrated over
the harvest month.

The areas identified as unplantable from the foliage contamination
program were excluded from the calculations of the crop contamination
levels. The results were again expressed as the ntunber of cumulative
acres on which plants were contaminated to a given level. Root uptake
results were obtained for all six radionuclides but sufficient data for
assessment of foliar contamination were available only for Sr-89 and
Sr-99. State and national summations also were computed.

External Dose Criteria

Dose to Humnans

The limiting external dose for farming operations was set at an
ERD(max) of 200 roentgens. The e2.ternal radiation dose received by the
fariner depends on the general radiation environment and the available
protoction he has fron this environment. In this study, the two condi-
tions of protect ion afforded the farmer were (1) shelters with a protec-
tion factor (P1) of 10 and (2) shelters with a PF of 1,000.
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The first condition was an assigned value that was considered rep-
resentative of currently available shelters on farms, The nhelter
residual numbers, RNI (residual numbers are the inverse of the shelter
PF's) consequently were 0.1 and 0.001. respectively, The selected
maximum shelter stay time was 2 weeks. After the Initial shelter period,
the harvesting residual numbers (RN 3 ) assigned were 0.4 for the first.
condition and 0.3 for the second condition. The harvesting and planting
periods were set at 1 week for" all crops. While the farmer was not
engaged in harvesting, a residual number (RN,) equivalent to a living
routine in which the farmer spent 1 hour oac5 day outside of the ahelLor
was also assigned to the second condition.

For the next planting, the case with the good oho]tor (PP a 1.000)
assuned a routine in which the faimner spent half the timo in the, sholtor
and half the time out;side, whoro the offoctlvo residual number 1.I 0.3
for the times after the initial sheller sLay ttime (O,,, up to planting
time). Also, if the estimated initial shelter' stay time oxaeiodod 30 dnyp.
evacuatfon to a clean area at 2 weeks after attack wan asunod. An
8-hour evacuation with an effective PF of 2 was also anstnnod. Ii aren
reentry (for continueu stay thereafter) was posoible for. the antnumio
total dose limit by the time of planting, the crop was includod in thvi
calculation as being planted,

If the limiting ERD(max) wore oxpromsod In toLeni 1l an i'xpow4LW
dose, D*, for a apeci.fic purlod ol I;lmo, the•n

)* . I M(RNI D1i6 I-FJN J nitl2 1 RN, I)IIM:) ())

whoroT IJa the thiaudard LonnLy aud DRhhi iiO (iMMO Wo' O pItt Ii urp10'
for the specific tLimu period (MUM 1 for ahiltur pror!od, hJM., for onil Int',r-
modiate period, and DIN for hurVU•L or i1jiL-Luto'li) period). a Aler,, whirtjz
harvesting or planting JhMiodlatoly ol Iown the sholtor put' Sod, DIOM - 13,

idolniLing ,• !" v lon Wore. dutOriln ouch for YarlIiount hai r'vou Iaing or •- l"•lt
entry tlmmes 1) o - 1 r later, Cropi, not deutroyud 1)y tru tittj1_ok n-t!
roedy for hurvost wore ulnuiis[Iderod ei ther IIivuu hlabIiiD it' got '_. t1lLtlpondilII
Upon whOIthr' th• uxistlng tMOtllot. ov � 0 PrMil , d f L v hor odn" 14P laIm i'
O!tlry to harvuoS I at harvoaet Lim. Th_ c)l Owt!1 hIM 'noUnP O _-'a or!pi worie
a tao connildrurd loot ! IC i, hu" frilr Or Miho bannrul'4i n115 fO-n111ower) IwoulUd
be don iorl ai'Oi e-li rv S I 0 u_ p_ alt o p.l •_ Ing timub 11M) "i I S 1 - "•! i v" vr upzi-
f oI Lr w ri n um P "Lrt t illte i { f o r t h e Lw n iT c po nd( l im " " m- a r e' | i ls t i n l hit a A n.

Ino the van•o1a whoru i'|y JO. I1 viuii g rantor t hnn M11 r/h ait 1 hr!
V.bUl 1401'. thu fWrmor at , 1h I roi P thr I ,a .0O r.doi ". pnt I t Wa tIn ud I I I IiI

uih i-. Sit' haitrtl'votil| I I" plutli ing I I, i-*cedolsll Y / i tsIh' Si .a Sl

4i 1h
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Dnso 4to P11Pm nmao n Poultry

III ot'dr t,1own dag i ud innm~arzu~ b1ololfical dunajgw to favim animals
and poultry by aecnidual gammiia rudfiation front fallout fropi v nuclear attack
onf tiul Ujitol Sa.qtrt.u. it; 1it nucov"fii~iiy to (I) riiofitla, the' fallout radi ation
Iritonoiiltv vnv inlt im withiniI thu bou0d1114n1 o~f Ulu Unltud Sttitot whore th
off~trit oar to bota nionmad, (2) doftuaflo o. f'rom agricu1ltural cenous dalta,
Lit) lof~raphlel dillitri'but ion of 01vIfir'raroIff4( 110m)i of 1zitoro t, and (3) ann I vze
data fponri 1 uAid Z tnIWLIOr wi ti ac04)pI.ItIhite radiat ion do~u Cr1 twi'lk to
duve-i'miiiui Ifil dlaurvu of Wiologletel (Ififlao- WI tb-in prcOUCvlOd RrC-114, CUrnu-

auI awimLsI~mnr ori nt bloocunla O Uol IQIh obtajno1fd 1y il.atv!
rajj~nl affoat ofil' LIM) Doi

-wo tillrerelia aiuc ipr diittacltia o, iic 3w ni tud Statent lrve boo4 11 tt-

ltwlt~ forI'tito PJ'Macilt Lit ldy. 1411011 OUt ofC flutfiCI conluitIjolv) hav bodutI 1IOCed
an~ iijut for n ril out motiol to prodiJct rrd tat ion Intengilt1011 cliat. would
ouatir at 11 1 1 houir at tinto prIit wl. itRiln onuh ot-unl y In tho Unitod Staten3
To flllyWr )iai(1110otrtwo C1601a itlw 1)11111 ILvolfrIlpilh UnIt boo-RUBC agricultulral
viinup ntg 10 &comp~jile by 00wity.

Tue , rip ,lti Oro cuisiani of' 100~ woo tho snouz'ct for- information on the
11colraphic diatributivo. by coulnty, of tavinuii inaIIIuI and poul try. The data
waru tidaptud for Liamputora mniaipulaision by punichinic covdit from publis1'hod
uI4LA or, lA a fow t'alion, by sgriallm countv ijwuiimary cardin obtalnod frmor thle
11111vuiu of thev cuilut~. III nit uo~tnno * aountio I e port.Ing~ lumB than 1,000
4a91(anisr or hivoitulio woie oinl ttud (to roiu'ja mrAchinu compuitatloll timo)
WIC1thot u*otllylt MOVIMMt 01,11g 010 MMfl~IDAVI'IZ0 V141111 Lr.

'labia :11 firu"0hI 0 tho luthu I dono vuluun umed for 0olactod farm
AsunulvIII 11) u Pi'0on@ft OcflpuntiotI014 to nr'noUH th" biological affecto of'
Lila two flttflikU, i -16lu roooft~ni'Lto that tooft of tho T.D) /30fvlu Wor
oh Li ai~ ~e'fluakt I&Sy liI(IQP v1)olturu col(31tiolifi dl ftoront11 fm).oll those
thatt might bo OulplritpnLeud fltt.3i' it Otto lanr attach, Manny oxporiaireital
v1populrea 1ilvol vu V.lnai~i~e uvia i notiimc Giingla rdclionuci ide)
WhiallI, forV unhit'4ulI10 v, lift" ait 1if-!1` OR JR hu I a long comp[Wrd With tile
uxpoulIt ivui pulrad. un Hsi a giotco dIoejii nct; niImul a tuT fsai on-product vaindIa-
I tort1 a' 1livr )it H it, ilucav of dloati Paitv ori C hiffigo of energy, Spee t.xiLa Withi
I Imu. Pa4l ot rid itiltitAoi tintircQal haLvII boo2 timod UvCperlmofttl ly aud CIO riot
111ii11uila "IDJt lisr tilic plano notivati (1000 to tinfilna I i outdLoors or the comiplex
l'xpow- 'rulm, wit I) is04i'l loneip (t- oieivi lihnikkinu . The va Iltwm for LD5 0 /jo are

(2,11, 1)(101)1 01 6 1fil14 ý I )- V l 12U-44CiI1i cnFilul) of c'act countnlCy wie t taken
ui~z ait !),-J liIt fa I itu'egnt 0ittivu titll fiuriii aittnialf I it the counit:y were assumed
(1) bli connu..fl eal till for nIiunortoipuut of IW n 1og eal VI r.luc ti; of' rad iat loui
3 Mt aIf~t II tim eliltlpillu li1 t t ho tirmou polatik' , Al t hough var'l-a ti os in rind in C .1
I 1111,14-1 v wil -w I r liv wi hi nji 1.11 o e nnt v buuninaln i en thle joli t of, interest
Alie t0l"Od l ll -I d I hia Alltln r c opuoty bvc- aua.q dota ,n II or Utl) unlit diistrii bu-
W a i *I islii t he caaat -ý wiPa14 not livitilab le,



Table 30

RESPONSE OF ANIMALS
TO BRIEF EXPOSURES IN EXTPERNAL GAMMA RADIATION FIELDS

IN TERM•S OF LD 50 IN 30 DAYS

LD so /30

Species (roentgens)

Cattle and calf 5,t0
Milk cow 540
Swi lie 510
Sheep and lam-b 520
Chicken 900
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The dose contribution from each weapon was comnputed for of-tol County
point by integrating a t- 1 *2 dose rate decay curve from time of fakl lotl
arrival to 7 days later.

-12
This procedure assumned that; the t - function Closely matched tho

true fission product decay curve and that doses dUring fAllOUt blulldi;)
between time of arrival and cessation were not a s1l0fnif~lbuttitat lL4 of 1,11
total dose. The total 7-day dose used for aach count~y point Wato tho nun
of the dose contributions from all weapons whoso 11 + 1 intonflity at tho
point was greater than I r/hr.

After the 7-day doses were computed for eatch county pol ut * tht,
LD 5 0 /30 values from Table 30 were used is f'ollowoi toj dutornifil it- tho
livestock survived:

YD< LD so/30 All ourvlived

Yb> LD /30 All died
L 50

Dose to Agricultural Cr=p

Table 31 presents the lethal dooo vrelucio uijtd ltii ~laujuLoa na~Ir V1101
to assess the biological effects of' tho pea tulato l iiuelour iittnoliu.l. M'ilm&
values taken from Reference 91 may be Innaccuiqlt owinlg to Wiva-tailltion
in translation from Russian. Comparabla diata aro ojurrantly boilntl otlmll~)IIII
by A. 11 Sparrow at the Driookhtivon National Lahcorttor~y: whenil Llsi~USIIare'
available, they will be uoed to roplace jj the onn in ptlijlo 31,

In the reported plant 'o5)oflloo domo4 dtita, CIjoifo fpparonit (!iab
occur bDetween the~ 24-hourj diii", WIhic-i ''p~l-dtul~d u!v2t iJil~fuii'l Ujju
acute lethal dose , which had no doie rawU spoC ciflv. !;I monic unsulph 01t
acite, lethal d10(40 COuld 11ot hanvu boon udminin i sloi-- w)j~l- HI. i n.uCrop grow-
ing period without .3xcoodin 0h0 Uons LoInt drcl z'Atu th~aL WoUld jWildiiuu
severe damage in the firot 24 liouro. i, W0u111o9 Ot 1,1( UncetAln I'0jeLAt In-
.ship between dose raton producin t it vuro LIamagaI, titirl 111hrio prolJUC I n lutli=
ality in 7 dlays, the ruport of' nouto j otliuI dclhue wac cut III hall i't,
achieve Closer corrolation botwkuon thie two doacp 1,1110.

11o0t Of the 0XlMe1mon1Vltl4 I11A cuVul1,11014 W01'P 11lpluinod HOMO;* t;posiiun-1
condi tions cliIferent tryotui (110114 pooitultolkd b, i hilL ICII Lt) a aui , ~ pih
mental procieduree general Iy di d not S i il' lii l I-p LU) I I ni ! lprlC no(it! ri liii-
outL !I) either keoomo t r OI g!'eIIo ,-I, L-;luinie- 01da a i fd u)

spectrum with tima.

Tho above dose c Iiei' I n wort 12Iotit' HIiirn9ii'IInwtI o .iIo
tensity cia ta obtainud 1fromr fallciiii 1a11)(10 t 1mb Ili ono cin 111f# paautuiaI toll
1uc le~r- at tacl(P. aind £~gcIci t)plil I v- rop (it ( it, r ibl J)]ill j13 1 t ii l 11:1111 I~la ii~j 9' lu I III i'l

Q0118Ius to determin I10 Wo .h ' wil1 or nor 11) iil toi 9 IIItiti lly I !!! A I *l..'eil runtf l-
receivedl a leuhai ciomt!, VIPu I'loi' , 11ilf g 11 t~i I i r I I I ic iiti 9,. 9iu- ,i A,

liltD



Table 31

GAibZIA RADIATION SENSITIVITY OF PLANTS

7-Day Lethal Dose

Common Name (roentgens)

Coirn 7,500

Borghtum (7, 5 0 0 )a

Wilcat 10,000
Oa t 25,00

iunrly (20,000)

Field Crops

Dry field and 3eed beans 12,000
Soyl)oan 12,000

Alfalfa 50,000
Clovor and timothy 25,000
Irioll potatoes 4,500
Tobacco 50,000
O0,0on pea 10,000
Sugar boot: (12,000)

Tomato 3,000

Swoot Corn 7,500

Snap boan (5,000)
CanbbAgo 50,000

Dry on•on 5,000
CarreoL (5,000)
L•ttuco 12,000
1'_ M t:t!O 7,500

Troon
Apple (5,000)
Pone 11 (5,000)
Orango (5,000)
Loblolly pine 7,500

Whito pine 7,500
Hickory < 30,000
Whlte oak > 50,000

Black oak > 50,000

SVa)uOes in parentheses are estimated values
(also indicate plant species for which no

response data have been reported); the esti-

matoe were made using the assumption that

Filillar species have similar responses to

it gIVEJU :giv.en di atJon dose.
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then applied; the latter govern what action (harvesting or planting) could
be taken on existing and future crops, as previously described.

Damage to Forests

Under conditions where rather extensive areas of the United States
would be subjected to heavy deposits of local fallout, the gamma radiation
doses in some areas would be sufficient to damage or kill certain troe
species in forests. Although these acute radiation doses would not be
extensively damaging to the mature trees for use as limiber (at some later
time when residual radiation dose rates have decayed to a level pormittinlg
normal logging operations), natural growth recovery of the trees within
a short period of time would be doubtful above a given exposure, an dis-
cussed in the first section of this report. The time at which either
artificial or natural reforestation may be initiated in a given area
would depend on the magnitude of the radiation levels and exposturo doses,

The evergreen coniferous forests which predominate in the western
United States are less resistant to radiation damage than the deciduousB
hardwood forests of the eastern part of tht country. The exposuro dono
criteria for recovery of forests, as given in the first section of thim
report, were utilized to delineate areas within which coniferous iorost.s
and deciduous forests may not recover within a period of 2 years. Tho
fallout standard intensities at which forest survival would be expected
are 1,200 r/hr at 1 hr, or less, for coniferous forests and 6,000 r/ihr
at 1 hr, or less, for deciduous forests.

During the time period of the study, it was not feasible to dovolop
the data for estimating the amount of timber in the highly contamirtatod
areas where many trees would likely be killed or the likely potaLttLack
times when it would be feasible to recover and stockpile lueito•r fi.om th'
killed trees. (For the attack patterns assumed in the study, It. wa
apparent that the total forest area affected by high fallout levoln witn
much greater than that subjected to thermal phenomena from the nucloar
explosions.)

1.00



ASSESSMENT' OF BIOLOGICAL EFFECTS

Introduc' t. ion

The0 alBSSesment Of the biological effects mainly consists of swummaries
of numeriecl results from computations using the various mathematical
models and process ropi'esentat ions described in thu second section of
this report (to applied to the attacks assumed for the study.

The major portiono of the model systein (see Figure 2) not completed
1_11Iclorporated (Wring the study were (1) food processing industries,

(2) t1'tniliportatJioi and food distribution systomi3, (3) external gamma-dose

bur'donno sutrvIvorm, (4) derived dliet model, and (5) ingestion-rate

Un this auction, tho outitmated biological effects oai humans are
limited to tho computation of the absorbed close in several, body organs
filom affallnhllaLioza of oovorai opocifle radionuclides in fall-out. The
anoLmfptiong for mainang thofor; ntimatos, without the undeveloped model
Ayotems montlotned abov, tiro given along with the nivmerical results in
tho followingK paragrapho.

Tho biologloal offocits oin pianto and animnals wore limited to estimates
of tho mitwnbaer killud by oxptosure to oxternal gamma radiation.

All data wera computod on tho basis of state arid national stummaries.
M001, 4ru raeportad In turma of the Rational suitmaritea; however, the more
dutailed mtitts atrimrloan wore rotanond for further analysis as needed.

Tjiiiu-opiaam 11imit of 0 sand 9u days diuration were selected for anl
11"nufflod 0011fitalit. Uolluiption rato of wator and food with a given radio-
title!Iti omlnt lt "'I "nil arljfItraill y I hnltL'iox wav u.-sod mainly because
tho uaie POI1IIi pttollilm fi' 1t11 m'adlonualtdo conicentrat ions have not yet
1)1)4)1 WorflolI nut (C.) lcoug puteludo of tlime. cQuuntlojn regarding the change
111 010 raucultri'tsiola in tho water oupples, no montionod in the second
auction ol' Lhiu ruport, are not ransolved. The 1 Ifetime of many fresh
I food(t, for aettip la, if$ 11lcrtcm' than I month i and cortainly3 no longer' than
3 monthsI (00OOpecI lly Without aorontn),Othor foods, such as canned
g-ioda and fri~til, havu an avursast nael f-jll'o or about I year.

I'hust tiluw maloetac L Jane-1pan limits f'or tho dtoe coinpututlionfi are a
(ilr'auL~. pcpf jIelo loll i Lho -avd point of tho ow-ruit. model fsystem devolopment
tit fill"I l'. 'P110o fleUQIIVUO ancd roel b I II o f tho Comnputat ions Up) to the

i'utuif ~ ~ ~ 1 t o t "epiu AJ ti ; a 1 Lhotwh ii plc I f1 ictLi on of t he re I ja-

hi 111t y of' tho uatu'ictrlcn ros titr aifi boyonai L114 meopo (if thiiio study in a
fltat 1stIal An~id 1141,1iffinticht JnoIanac , a~tutmptn wareo madel to use avorage
VRolVU (if5 fill Inlpuit parafnmtort4 tilfilt L '1" den yuc frjom experimental measure-
Mo 11 t a or # I 11 0ot ot hi) , C ono (t I * ~ ia t I ols t1 1 .0 11 ll I no.t v , I ImofarI a.9 P01,4511) I
VouliaitIomit bit ou its i lt I 1w lcuit~u I llmuii



Water Contamination

The coitcentrations of six radionuclides (Sr-89, Sr-90, Ru-106, 1-131,
Cs-137, and Ba--140) in exposed water systems were computed for both assumled
attacks. No damage restraint for destruction of the water sources by
ground shock or air-blast overpressuro was included in the calculation to
verify the sturvival of the source(s).

Table 32 gives, for the 104 attack, tile radionuclide concentrations
in atoms per littr for five representative cities receiving different
levels of fallout, Table 33 groups all of the water supplies of the 184
communities into concontration ranges for the six soluble radionuclides
resulting from thie iN attack and gives the percentage of tile (preattack)
populatioll tlht wotnld Use these waters. The percentage of the population
listed under zero atoms per liter is made up from Co-1 flimunities that either
did not receive significant fallout or had adequate well water for emer-
gency use.

Table 34 givns, for the survivors in or near the five representative
cities, the body and organ absorbed doses for the adult hunian, in reins,
comiputed for the ingestion of their source water at the rate of 1 liter
per day starting at I day and 7 days after attack. Tile water of the city
of St. Louis had the highest radionuclide concentrations of all of the
IP' -ommunities considered. At that city, all six radionuclides had con-
centrations ranging from 1012 to 1013 atoms per liter. For comparative
purp oses, the water for Philadelphia had nuclide concentrations,1 etween
1011 and 1012 atoms per liter that of Baltimore had between 10 and 1011,
that of Boston had between 10 and 1010, and that of Tulsa had between
108 and 109 atoms per liter. The daily ingestion of 1 liter of the most
contaminated water of all 18t communities in the study, from 1 to 91 days
after attack, produced only a minimal total-body dose. The 1-131 thyroid
dose, on the other hand, was calculated at 9,550 reis for this perled of
ingestion. For infants drinking 1 liter per day, the thyroid dlose would
be about 96,000 reins in 91 days. if wateV was drunk nationwide during
this period at the rate of 1 liter per day, no more thanl 5,6 percent of
the population would have acctnnulatod thyroid doses in oxcess of 1.530 reems.
For the MC attack, no more than 2.5 percent of the population NW4s calcu-
lated to receive a 1,530-ron thyroid dose.

Table 35 groups all of tho water soutrces into concentration ranges
for the six soluble radionuclides for the MC attack and gives the percent-
age of the population reliant upon water with tile given ranges of radio-
nuclide concentration.

Although the nationwide ingestion dosages have not bJUee ilndividualiv
calculated for tile 18-1 cominuni ties, the internal absorbed dosage to a
given percentage of the population may be inlfe'rCrd for the twu attacks
by comparing the percentages listed f'or concent rat ions of radlonucl ides
in Tables 33 and 35 with tile concentrations shown in Table 32 and the
calculated dosages listed in Table 34. Also. si nev the numlber it cadi-
nuclides did not vary radically from each other and usuallv are within
an order of magnittude from each other f"'It a po•rticUllOr water ;oCrll'ce,
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Tabbo 33

SOURCE* WATER QUAL.ITY AFTER Jai A'ITACI(
IN -900AILM ilAVIONUC1,IIJE. A1:41,3 PER JITT'ERt

AVAILABLE TO PERCENTAGE 017 U.8, PREAT'ACK POPUI.ATIONU

(Picolt ofnuriat.lollIuy)

Radio- - ~
Ime 11 doj 0 10 10 10 -10 10 - 1 1( -10 1( - In 10 -10

Cm--137 5010 1.5 1,7 03,4 j Iff.7 16.75,-

1-131 0O0 1 ( 1 1.7 11.2 '20,H 15.4 5.0

flu -100 50.0 1.4e 2.) 13.1f) 1.7,11 1111i 2.3

Or-00 390,0 1.4 1.7 013 20.0 1013 510

81-6 A00 1.4 2.0) 10.9 18.8 12.2 4

a Aoumding tho Pazmp con~oontsrtiton ila~trijbutionm rol' 010 URILvd BULaUP aMs
for tfia 1IM auIilactu co~1muriltfum
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SOMICE WATERI Qt]AI.ICFV A1'rf~t MC Ar1I'ACI
11 H HOLJII3IJ. HAl tONWMtIW ATOMS~1 J'iU 1.1,1111
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Table 36

tVERAGE TIADJONUCLIDE CONCENTRATION IN WATER
AVAI[L•M3• TO TJ[iE CUMUATIVE PERCENTAGE OF' THE POPULATION

tivr~ra Ma,,xj.rnlwti
,a.dionvue1 ide Thyroid

ConcentroaI.,ions D0o4ei Percent of Population

C.!."•'a I :3t: or_ (Ieris) 11M Attack MC Attack
7

0 0 50 70

10 8 0.153 51.4 76.5

109 1.53 53.2 81.8
101'0 1.5.3 60.9 89.2

1.0 1 153 80.2 91.6

7012 1,530 94.7 97.9

1013 15,300b 100 100

a For adult humans, 91 day ingestion period for ingestion
starting at I day after attack; for infants, the dose
would be ten tiines these values

b The highest thyroid dose caculateed was 9,590 reas for
tile -HM attack and 5,350 reins for the MC attack
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Extr Contamination of (Crop) Plants

Foliar contamination of food crops (growing at the time of the attack)
by local fallout was calculated for ')oth attacks under existing shelter
and good shelter conditions for the farmer. The results of the computed
national stimnaries are presented in Tables 37 and 38. A ctmiulative plot
of crop production as a function of increasing level of contamination
was used to obtain a maximicit contamination-level value (atoms/gin) that
50 percent of the total (harvested) crop would not exceed. A similar
maximum concentration-level value was obtained for 90 percent of the
c rop.

Good shelters would limit the early-time radiation dose to farmers,
thus allowing them to harvest crops without receiving an exposure dose
in excess of 200 roentgens ERD(max). Therefore, the contamination levels
of the harvested foods are somewhat higher for the good shelter case
because more of the crops are harvested at the higher fallout levels.
These more highly contaminated crops, if unneeded, could be left unhar-
vested to reduce the exposure dose to farmers; crops would not be left
unharvested because of their contamination level. In other words, the
food requirements for the survivors and the shelter available to the
fanier must be considered in setting the planned exposure-dose criteria
to farmers for harvesting as well as for planting the next crop. The
allocation of up to 200 roentgens BRD(max) in all limiting cases assumes
that the food crops would be urgently needed. The proposed U.S. Depart-
ment of Agriculture program to quarantine land on the basis of Sr-90
contamination fails to recognize the general basic assessment principles
for considering all factors that are critically related to national sur-
vival after a nuclear attack.

Tie leafy vegetables showed tile !iigh1est levels of contamination; the
grains and root crops gave the lowest concentrations. The significance
01 the foliar contamination of food crops is discussed later in this
section, where the consumption of the food in a normal diet is considered
and the absorbed dose for several body organs of humians is estimated,

The data summaries of Tables 37 and 38 indicate that the fraction of
the crop acres that could be narvested after all of the assumed attackc
is gcenerally ill excess of 50 percent. The exceptions are cabbage, sor-
ghumn, dry bean, tomato, snap bean, carrot, and lettuce; most of tlhrse
crops, with the smallest fraction harvested, are fresh vegetables.

The initial crop contamination levels are generally higher for the
good shelter case: for the Hid attack, the median (50 percent) crop con-
centrations for the good shelter recovery base are as much as 45 times
those for the existing shelter recovery base (see potato). The exception
to this trcnd is cabbage. Similar comparisons between the two attacks
for tile median crop concentrations give ratios, for HIM recoveries to IlC
recoveries, as high as 1,000 for the 10--PF shelter case and as high as
9,000 for the 1,000-PF shelter case (except cibbage, f'or which the rat i:-
were higher). These ratios, for most crops, are much larger than tiq.
ratios in the total yields of the two attacks.
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Internal Contamination of (Cro2 Plants

The internal contamination of plants was calculated for the first
planting of all crops after the attack. Since the assumed attack date
was June 1. many of the crops planted after June 1. where possible'. wtere
susceptible to internal contamination by both local and worldwide fall-
out up to the time of planting and to foltiar contamination by worldwide
fallout during the month of harvest.

The worldwide fallout component for the contamination include,! that
from tile pOStosnlted a ttack on the Uni ted St Le.s anti an assuim1ed cef ter-
attack on a typical enemy. The nature of the counterattack, which was
programmed according to thI worldwide fal lout model described (n thie
second section of this report, is given in T"able 39. In the counter-
attack, a 50 perccnt fission yield was assumled for Etll weepoiIs.

The crop contamination data for tile first crop grown after attack,
based on the national siummary of the planted (and barvehted) acres, the
fractional crop yields, and the maximum nuclide contamination levels
at 50 and 90 percent of the harvested crop for the tIM attack, are sup-
marized in Tables 40 and 41 for existing and good shelter cases, respect-
ively. The data summaries were computed in the same way as those for
the foliar contamination. The fraction of the acres planted refer's to
the first crop of each kind to be planted after attack, based on the
exposure dose criteria and shelter living routines given in the second
section of this report. The crop planting and harvest recovery for the
existing shelter case do not include the asstu, ntion that other people
from lower contaminated areas would come in at)] use the land. Such an
assumption, however, is implied for the good Fhelter case where evacuation
and area reentry were 1involved. With the good shelter, essentially ai.l

with existlng shelter (as defined), the fraction of accessible land drops
as low as 50 percent for gome crops, Ilhnloved es t.mates of the first.
and other postattack crop contamination levels and production availabi Ii-
ties wou•cd require a more detailed account of thc fate of the manpower
by local area.

The lower limits of the crop contamination for consideration may be
made with reference to current contaminntion levels of Sr-90 in food
from worldwide fallout; the latter generally are in thi range of 106 to
107 at oms/,a of foodstuff.92 Since the current levels would be add it i\Ye
to those from any attack, new contributions of Sr-90 giving less than
106 ato]mus/gmn of foodstuff al -, n(ot considered for Sr-90 ,nd all other
radionulc ides.

The root uptake l)P'ress causes large changes in thle rV.Iativt, abundancfr
of the diiferent fission-product nuclides in the various food crops.
Thus. whiie_ the calculated concentration of Sr-89 and S&-90, iq higher
in many of the crops from, the first p)lanti ng alter attack than it is i or
the crop stan(ding i atthe I use nf atLtack. the concenl-ation ol other
elements is miclh lower. Thlu highe-r t)litm wrajtion | 1 [ -)I 9 |or tSl1-4
first postattack crop. "'clar . ltv to thie fOl.1i contiulifnat ion ' ol hue

Ill



'llab I e 39

COUNTERATTACK:
WEAPON YIELD, AI;TPUDE, A•D1 WEAPON NUMBER DISTRIBUTION

Durst
Latitude I MT 5 MT 20 MT

(ON) Surface Air Surface Air Surface AIr

35-40 - 7 1 - 6 -

,10-45 - 26 9 1 58 2

45-50 2 -11 17 2 80 3
50-35 .1 59 26 3 130 8
55-60 9 50 35 ,4 130 1

60-65 - 13 3 - 17 -

65-70 - 8 1 - 18 -

7 0 - 7 3 .... 2 -

Total 15 204 92 10 441 14

Total weapons: 776

Total yield: 9,829 MT

Fission yield at 0.5 fisslon/total = 4,914 MT

Time of counterattack = Lime of attack on United States

Fission yields of selucted nuclides, atoms/fissiou,
used in all worldwide £allouL comipuLations:

Sr-89 0.0281
Sr-90 0.0309
:71r-95 0.0552

Ru-106 0.0452
1-[31 0.0310
C-•-137 0.0600
Ba-140 0.0551

Cc-I ,1,4 0. 0-136

I I I "I"
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.vand • i crOp. 0ccur e1J(Ncial|i in "o'vizhit m, diir bean . i'LtuCe , and o!'anog .

Because of hoth the fractionation among the ri"dinw!Ii des in iMte First

crops grown after attack and the re Live dec a rates over time. no

direct coumparison can be made. with respect to thle relative severitv of

contalnation levels between the crops standing at tile time of attack

and the first crop planted after attack, simply on the hasis ,if the

relative coonclentr-ation of the nuclides in the two crops.

Internal ConLtnination of Animals and Fowl

The estimates of the internal contamination of animal-derived foods
(meat. milk, and eggs) for hutiman consutmption require prior specification
of animal diets. The assumed diets for dairy cattle, beef cattle, sheep,
swine, and poultry are given In Table 42 for ingestions starting at 1,
14, 183, 365, and 548 days after attack. The first three times are
associated with the ingestion of foods with fAliar contamination li-oill
crops growing at the time of attach: and of water contamination from
local fallout. The last two times are associated with consumption of
foods from the first crop planted after attackt tiiat, are contaminated
through root uptake (including contribution from both local and world-
wide fallout contamination of agricultural land) and through foliar con-
tamination from worldwide fallout that is deposited during the month
of harvest.

The computed zero-time co'.centrations for meat, milk. and eggs, from
animals and chickens that coasume foods with nuclide concentrations net
exceeding those for 50 and 90 percent of the available food, are given
in Table 43. The concentrations were computed using the food consumption
rates given In Table 42, the 50 and 90 percent levels of conLamnination
for the various animal foods, and the C9f values given in Table 43.
The U? values were calculated by stumming the products of the consump t ion
rates and nuclide concentrations for the various foods in the asFumed

diets.

The nuclide concentrations in milk from cows grazed in contaminated
Pas•t--' -'" .... s. WCr'C Cal ula'•^'Jedx,•U semy-ta•i ly from cutrves r'ela~ting o~i to1 UGOv ru

k io "Versus

time for several ages at attack and the pasture contamination levels as
stunmarized in Table 441. The pasture concentrations are based on the
initial foliar contamination for a given milk production rate for the
pum~ber of cows that survive after the attacks. In1 all known cases, the
limitation on milk production was due to the loss of the dairy herd
rather than to the exposure dose limitations for the dairymen: however.
no exposure routine different from other farm operations was developed
for dairymen. In future evaluations such as this, special routines
should be developed to reflect more accurately the range of animal
husbandrv pra1ctices that could be followed tinder various attack situations.

Ui8



TabIv- 12

ANIMAL DIET VEISUS TIME OF INGESTION

(Intake It Grams per Day, Dry Wcight Basis)

L
0

1 day 14 days 183 days 365 da's 548 days

Dairy Cattle

Pasturage 7,000 7,000 7,000 7,000 7.000

Hay -a - 1,000 1.000 1.000
Grain - - 1.000 1,000 1,000
Water - - - -

Beef Cattle

Pasturage 800 800 800 800 800
Corn - - 800 800 800
Clover (Hlay) - - 6. 40) 6,400 6.400
Water 25,000 25,000 25,000 - -

Sheep

Corn - - 200 200 200
Oat - - 20L 200 200
Sorghium - - 200 200 200
Pasturage 200 200 200 200 200
Clover (Hay) - - 1,200 1,200 1.200
Water 4,000 4,000 4.000 - -

Swine

Corn - - 1,600 1,600 1,600
Sorghum - - 1,600 1,600 1,600
Soyvbean iieaIl - - - 410 ,iOO
Alfalfa meal (Hlay) - - 400 400
W a t e r - ...

Poultry

Corn - - 36.8 36.8 36.8
Whiet (Grain) - - 36.8 36.8 36.8
.oybean oil - - - 9.2 9.2
Alfalfa meal (Ilay) - - 9.2 9.2
Water - - - -

a Dash indicates that uncontaminated (stored) food or clean well water
was available

!19



Table 43

0
EsroiMATs OF RADIONUCLIDE CONCENTRATIONS, Cif, IN MEAT, MILK, AND EGGS

RESULTING FROM CONSUMPTION OF DIETS WHOSE CONCENTRATIONS ARE NOT
EXCEEDED BY 50 AND 90 PERCENT OF THE AVAILABLE ANIMAL FOODS

AFTER THE HM ATTACK: EXISTING SHELTER

(Values of C0Are in Atoms per Gram)
if
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lilth I Ž IiI

PEICENTrAGi-: OF SURV ViNG MIl LK P RODIUC" IAON

FROM PASTURE CONT.1 INA'I'D TO LESS THtAN TuL: IN:ICAT-';.- I A\ELVS'

Tnitial Paiture

Col•l t aill I Ila t i •n Nil I i (Iv
(a tOsn ) sMSt-89 Sr-9._ RLu-106 1-131 C,.-137 1.-i iI)

IN 1 At t' - k

5 " i0 8  29.8 27.5 32wl.4- 27., 27.4 Z7.2

I 1 () 33.4 31.5 36. 4 31.7 31.0 3o.9

5' 109 .15.1 .11. 50.0 -11.7 10.5 .10.5

i10 10 52. 1 48.0 58. 7 48.5 4,7. '? w|7. 1

5, 101 75.0 70.1 8.1.6 70.9 67.6 68.4

1 \ 1011 87.8 82.7 94.7 83.2 80.2 80.0

5 10 lI 9R, 8 98.3 99.1 98.3 97.1 98. 1

i 10 1 99.2 99.0 99,8 99.0 98.9 99.0

5 x 1012 100.0 100.0 100.0 100.0 100.0 100.0

MC Attack

5 \ 1O8 62.,4 59.5 64.8 59.6 59.9 59.1

1 10 9 66.6 64.2 6a.6 64.5 64.1 63.6

5 " 109 77.5 75.6 82.1 76.1 75.0 75.0

1 101 83.5 80.7 87.6 81.2 79.3 79.8

5 1010 95,2 93.6 97.6 93.7 92.5 93.1

1 N1011 98.1 97.0 99.3 97.3 96.3 96,5

5 10 11 99.7 99.6 99.8 99.7 99.6 99.6

1 1012 99.9 99.8 99.9 99.8 99.7 99.7

5 1 O1 2  100.0 99.9 100.0 99.9 99.9 99.9

1 0 13 100.0 100.0 100.0 100.0 100.0 100.0

a Based on the numiber of dairy cows thti, survive; data apply only
pnst,ie ,',,nttinmination by local fallout
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Cilbi damageii~ at'd Ions ric. to e.xterr~a ra-a r"Walt-it .!: raW' fli 1"M 1i

prt.s t ut,.d in T.i i•ts -15 and 46ii;' lhor tIM anI MV' a NiwIic'ks-. I ,,setli, % l .

Tre " In liuvcus oI .. x ist Ling qh-JIt er (lPF 1") anii~ guwd shut I lri (Iil jn)

f it I ht - I arrivi- hta up beun v~ ae Ii u" tt d I or ('aL I c a'q.'

I n these t lil" ] acr•' t'Il 1ls 'sttl are the total acres norma Iv duvoit ,d

annutai I aI v t (" te qp-''ilivI crop. I"t Most cis-s;,1. thIis Lola . is xcOuLI Ito

lhe totaIl U.3. .acr. teagei Io01r thI' CrFop. but ilan some cases, of wh ich 4Iibbaige

Is the " wor'st. acti'-t'otlltittttg clrite•la In the or igz al hdta coinmpllatlafln

led t n a to al a .n.l,,r. nt ,,I o 6, I 5 percent of tic •ti- t na I ,I- ro . T"'h
planted coitulnu is fihl prie n -'t agi' (ot t ie ac irs its ses 1i -1) 111 lt 114 grl I td
at the Litime of the at tack.

Ac res ds ignat-ed as de•Lroved are those lot which the crcop was killed
h% the external gani-nI:. tadiatioi Itoln ifai lout. Ci ips killed are tcountited

as unusable'. alt hougth this miay not alwavs be t rue. Haia',est able nere.

incli 'ade lhose 0 ac'res t ha t were pl) an ,lted. nto l t, h le -ac n([ (-hll Ma% be1 i

harvVestetd ,at the sehveiul, ed normal Limee without 0 exceedlig .,n ,-n.)0.,tar-
dos. 0 f 201) oft2t0 l -Igenl EI{)(tax ) . Plant ablt, next-crop acres arme those

ncrR, rot excluded because of radiatli n Ievels and worker doses (On the

cas,,e of trees. the percentage of the assessed niuiber surviving)) It
was asswtuwed that 1 week each was required Ior planting and harvesting.

Th,, dlo'j"p, v! -hAtc" r. ctec .ionl available. whicjh in Lihis Stutidy wa,%,

taken as PI - 10 or 1,000. affects tlhe remaining lome allowable for

these activities; hence, the bet ter the PF. the Inrgeri the number of
harves table acres.

From Table 45. it can be seen that the crop on approximately 20 per-

cent of the acreage is killed ouLright. with the potato crop sufferinf;

the greatest loss (27 percent). With existing shelter, about 50 percent
of all crops are harvestable, increasing to the 70 to 90 percent level
with good shelter. The harvested crops are contaminiated so that fit1al

usal)iita depends ot tihe availability of food in general and, for stocks

in- excess or nteeds. on the humltan internal dose levelsl acceptable from
H'ac-h food source.

As 't or ; L ou th. i cr'op, it is ;otb• .lthat with - i(titig shie ri ol[N

about 50 pverent oi theL acreage is pl1antable, whereas with good shelt el
this value increases dramiaticallv to tiFt ully 100 percent.

Folr the ILM attack and cxistiuag shelter-, it appears reasonable to
conWclt Ie Ithat , with onlyv about- 50 poercen t of the c rops rec overable, con-

siderat ion regarding its harvest elt aivae to the need of the c-irop might
be made In terms of both the consumtption ol f teis (not considered here)

and lowe.td (or more restrictl\-,n) dose ct teria. The latter would imply
a Io• c .l" (legree. o ilk'gten'c_- in r-coVer inalg the c'rop. Likewise, the desi r.a-
1)i I ,i pl.intint the ntex t season 's g rat n in lo) would plrobably be gove raned

largevIv by simiflar considerations. This problem however. is closelv
i-M tatimd to el het' postattack probloiimt h-t WE-are sensitive 1 9 the tuime scale

of a'tpa ia' ing tih whole economytV and building up capital goods. I t Ila v

I ti,



. : . -0 1- in C I- a, '' 3 tf - I - -.,

'D ul -1 11 , J uý-- I - I -a t-

in .0

a)0 a ) ) t- ' - r -. i X tv l0 0 s )w b0 o 1

3D- t- T t
-- ill in N I n N" M 1 f 0U)O P Cl - l - ( )I

x f
0

L.

re 0 D L .4- . ) 1 0 J L D'41 +j C 00 C)V ( -t-0t 0

""D L g0' 0 Dt-i

4. W

4) H

a) " 12.

V 0z 03 C') 0.4 u' '1)0 0

-f Q 4-1 W 0 a tx C

1223



ec4jorxi i)(

f- :) m - - -0 3 4-ic ~ -D I

M4 04, C. 4S..1x t t 1t
fl) -1 V0 1 3).1 l Ca I N -

J.) 4

U)~ (a )

3 1..>
01. "D1) X

- 0i 1

0o 0 @

0. N 0 4-. in m- t- -1 11 -

u .. -

Mo D0i

F-44

w '.. f- ;9.:1 b

'r.~~ ~ ~ ~ .t0 a d -c . 4bl
pi > 0 (14 5D a L r
Q) 4J ( 1 4 Q b 1I I ý )C~ 0 )07 3 4v P

ýd En;g 0 an -) cp - ]ca. :



fihAt Mhi muirvi %in a tirk Men'f uoul' he mailnt a ii"r' to Ioni,v'r I 1 4 I Is

For I he IMI ;k I I ack and good !, 114- t vrIS I or aIi I t le f aI~ners . r. o'm;'t

tLe uniops standing durinu o the attack are harvest abl'; licce . if ex ternal

wizara,;l IIo- to workers is thew onl Iv iting I s:Ia-cor. t hv ne.t -rol; o

.il ici~s 1 110 percen10t p1 aimt abLe

For t he MC alt a':It. all dwaagr I s c on-Mrie abl' Iowv'r. Tht- ~uvar
d tCtki I IIs art on whuat ot A' I 1 ruvfi1t .111rl cajg r bet t!- i it 9 w~ p lc il

Exist ing shelteIr results 1" thlie s~amew~I avron IhnIvestabl as good she lii'

(lid wit tbIhe 11M aLIt ik--nai;'elv . 70 to) 90 purc cnz With good she 11r.

IN hi OCi'agc iUMS L~moe.to viit anIty 100(M percvnl (it i lia plaotd aci icc1agu

1'Iani abilii v of the next erop is aibout 840 percenit witth nxin~n s Ito slt'u r.

honce. It is also virtual ly 100 percen wit gi .ood shelter. It would,

tie cvl'ore . appear' thatk th le MC iiIt~ac k would c atv;v no s igniim c antI datlagiiv

to -igr ic iltutre evve tinder exi1sti1ng s helteIr cotnd itioIns. -stini g~t.nv'A I

11rctc c ompar isons betIwuefl the two attack'is and Ilu t i w as simed siheltecr

vend itionm are g iven. by cr'op. in TablIes 417 and 48t for crop recovery anid

capalil litv for plantit ng the first Imstattack crop.

It wiag beveiid the scope of Lho cuirrant comaputatitonal pi'ogI'tui Ito

Vply mmfia;l of tho abovo test~s in on Iiamumer except on a go - no go

bnisis: that is. no VAriatiOnS werO POSRIble on planting or har'vesting

dates~ or on the possible usnbi 11 v of destroved crops. Additional fac-

tors of potential importanco not Inc luded were redwteion of yields due

to radiat ion danmage and affects of the interruption of caro iivLi-ma'lv

requirt'd. such as spraying. Irrigation. and cult.ivation. Also. aa prey'-

lously menltione~d, the effects )I beta radiationi were not considered.

The effectq of the two atssume'd a~ttftkA an the coniferous and docid-

uoiis I oi'st l ands are~ shown Ini Fi gures 6i and 7. These maip-s show that
.jtltiough scone areas almost as large as the state of Tennessee may be

severely damaged to a dogrue that rapid nattural recovery would not be

expeced. less than 10 porevnL of the total WS.. c 0 1 ,0 5 1 , areai in a"Pected.

That is, r or the a smmnnd ntItoe ks. amnos VU percent of thbe ore, -o"Id

be expected to haveO recovered to prol'e~ ack conmidion within 2 vears.
.1!, jikoszt. of, thlis forost. land woul d not. be vi sib ly affec ted.

Ilowever, as with agric-ultLural crops,* which cun Hu±'v le higher acc tuliu-

Intedc doses t han can hunnfis . the i'esuinmpit of norma 01i h'~it1l~uii- fore st cc 10

tI oriships over extensivye areas will1 be governed by I ho tol erane"i of

people1 to existing dose rates.

The resuil ts of thle com~puttationi& of 1lit- farm n iiia Is and poul t rt that

sumrv ive tihe two asswoed attacks are sumimar'ized tit Table .19 bv slate.

civil defense reittoo , and nat ion. Thu tabuil ntons show that frcom '15 to

83 p-eci't'e of tLn. nat ion' l ivestockt would su"V viva the two post ulaited

nur' I iii attacks. F-or Lthe hiIN attack, the state totals ranged frcom no

surv ivalIs in I~lawvaie to 100 percent, survival An Oregon.

1 :23
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.,,, IkM Mc I I PF Ie

'01iil 11 L0 .1 I I-

When t 60 o+_3 1 it, I
Oat e-m -1.3 .

Bean, dry field 12 10 I1 !0
So Yb'_n n I 7 .1 -1 6
A.I 1 i l fit 70 "- -1 M .2
ClovtuI" tind I illntiI v 71 1l H3 53

Ont (iny) 70 .1,1
!Po'at o 315 7 39) 1

Green pea iP 0 1 9E
Sting r vtwt-t 3 1:1 A 31
Tanutto 37 ; 70 ;d7
Swoot corn :39 -1 37 2
Snap bean 17 0 "2! 9

Cabbage 30 0 30 4
Oni Ion 19 5 .,5 1()
Carrot 0 .1 0 -4
LO t tt 1o 0 ' b
Apple 34 3 .2 9
ptmch 29 13 11 2.
Orange 416 72 Is21
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fo NlU re a v

Soi, .I 1! I

Wh a .13t P1-I) i'I.111

Out 7 5 .I_ 5
Hla r 9 M O 5N. _!

L1M•ain, d\ 1v I i 7 2 11 o
SVh00a .. 81 IN 64i

Clliverl andc tLr,!oLiv A• IN 5.I

Dail Wlaiv) 1.1 ~ 2! 7,11

PotCo 75 33 :32 0
Grn'pn j))l 1) 0 19 1t

Sugar huet d-1 2 5 31 0
Tomat o 54 5 -4I
5woot corn 41 3 39 1

Sinap bMan ; 6 1 2 7
Cabbaget 23 2 24 3
Onion 22 5 16 0
Carrot I6 1 15 0
I t t ucv ,13 1 ,!I .)

Applu 47 6 38 0
Pnac li 56 1. 3 .8 0

Oi'iI-ge 72 (1 72 0
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Thblo 49

FARIM ANIMALS AND POULTRY SURVIVING NUCLEARt ATVACK

sloors, 5331 Calves MIlk Cows ___ w3.o 5 h-- p ... 6-i

Prttl ine.k % Sur- Pre~t Lah tL Sur- N -,t4 I ail k %III3- Pr.,,ot 'a. k. Ii '.. 1 .n

Area Tot.1 vivIula Totl . 394I Ttota I ~ 11r. I.--tnl 161 3.

u ar d (thousands) III %ICi 111 thtmsn.. _2! AV* wr 413e,..a .nL.) 4l% 1131 ki 1. 1 ... a ......144

Coon. 8 16. 3.04. 9- . 313;) zL I I i 1 34- 1" 1,.

Ma Ine 17 17 G2 34 9 19 8 23 K4:33 7. 41 13 4 I 4 4

us.7 73 119 81) 731 993 10H4 41" '' I 'p, .I,4 3

'4.33. 6 1., 113 3. 411 13 i 5 74 ~ )

NJ I 3 1 1344 3Io 28 141 379 1., IOU4 II 1 1',h4 .

I.5 106 49 Iou 2.171 54) I44G3 Iti (II 364 I9 3u 1'.01 t-

9., 28 1394 13 36 l.ot 71i 100 111i 1001 .44

Vt . 11 it; 52 248 .4 .3 .- 3- 33 1 5 2 32 1., 3 2 55

Region 1 169 37 92 1.8903 17 904 536, 39. 119 2441. .19 93 .3.4 13 I 3

U0i. II 0) 100 21 04 1443 39 13 0 )4 LO 100 34 43 -. .

K, . 428k 35 701 -399 50 73 1.6G:4 39 921 1i ti 17

Aid . 82 236 13all 198 241 3443 :.17 -111 1004 1:, 37 ))') )444 ).

04.1. 607 331 9?7 641 -30 ti: 3,9 ofi 1 8i 19 1,z 1 I-l 84' 1 1 l- .

Pa. 3313 12? 100i 827 16 100 12 14 100. 24'M 21 ,0 4 .43 A. It

Va . 276 "n 1114) 308 t8- 3.s 791, so .34 t4) 73 (),. .1. j3,
a8. Va. 103 -31 100 1271 33 1003 3 1" 431 1941 290 100 7;i ' U

Regiton II1 1,638 37 90 Z. 515 371 22 6.1 43 944 2,15 37 t, 3 13 1-, .> F

Ala. 301 -11.313 IOU 4 438 2 100 1,222 9 2 1643 .i 3 3334 7 .... '4.

Flu. 2113 a4 14143 3844 91 1011 372 1 88 133 7 17 1.44 *. 4 4*

G.a, 233a3 ud 99 193 ha 19 1v 4, Ht 78 ti3 19 .0 47 u 14. 4

Miss. 3 21 H83 1444 2.)1 899 10 8110 si 63 IOU) 713 a-P 10) 7 .7.' '

14CX 151 19 40 .143 11 a:, 1,664) 3-1 Z, 52 " 4 2. h I, I. l. I., 4
S.CX 93 d82 99 340 85 919 6i7-1' 73 99 11 8H -, 9 H I3 -,I..
Teon. 319 70 29 .354 1-1 21 3910 18H 28 20 tot 1 uei it1 .0a

neg ion I1I 1.791 59 92 1.713 344 69 8,2321 60 7. ~ 34 1 4) Gi-J3I7 .4.4.. 7o3 4

III.1 .3362 J3 d5 542, 42 7t; 9,285N 29 793 3130 2.. H1 1.3 IA -II
lInd, .5H7 39 70 131 3I2. 76 5-157 463 H4 51. It, N3 14.8 h 4.41

Mtch. 355 35 100 912, 47 1040 968 32; 34) -35 14 313 9t.37 414 3+ý

SlIno, 898 55 74 1,23J6 7.5 94 4.706 04 93 1.1197 13 -*5 ' 19 7,
W.ice. 350 86 100 2!.605 834 1344 2 .6' 91G1 7 101)4 279 N4) Im4 144 I) 5.f. H.. ,

Reglon IV 3,75 4,: 5 8.3 4,976 tit. 91 1,.777 h3; M3 J-1.15 39 77 '.,m2 j, '

Ark . 218 49 74 79.3 3101 761 499 53 76 17 713 9i5 ., 't) ,7 .11

L~a. 230 415 93 2-01 75 93 .353 73 9] 95 o. I 4. 3.412- 71. .1 1
N . Slex. 33 71 77 39 7C3 31t G2 64 731 992 6,2 1 ) 44.82 61

0411a. 841 6 93 734 239 G3 72 .523 .54 C6 2a76 7o4 7., .3 32 :

Tens, 19867 70 73 507 60 i12 3_ .160 6,9 7l 6.06- I I '" 1 3. 67 71 7
Reglor V 1,523 6, 71 3,393 63 72i .5)4 62 3 ,a 7. 17.1 a-, 43 414 7 ',

Cola. 999 87 97 1ip 09 9,(8 2.34 83 97 ;e,655 94 b 9t. I .ml 344 4.

IoA. 7.770 19 80) 8.; 5 83 13,799 316 8 2 1. 7491 3t, 'ý9 Z-2 1.
X.- I.. to 434 ,.a* 0 13 14. 14) 7<7

Al. .314 I I3 10) 933 23 32 1,777 11) 40 9253 7 111 -1.7 4' "
N:obr.- 1.776 38 10 319 41 533 ;.1.4 12 481 7, 6 J7 32 o13.1 7- 177.
N. D.uA. .3441 49 57 so2G 31 52 5(48 67 '-19 1)4 7 I) 2 I . --
S. lDsa. 9837 24 29 24.4 3M; 35) 20-32 17 6 I I 13.53 !J 44 1 '.3 2"A i
345y44. 331 76 190 279 G12 66 45 645 931 2.j73 1 931 A74 7.. 91.

lcg-a44 63 9,621 40 6 1 22.7.3 343 62 26,960 3b, 414 1132 I, uI I.. ho - 9 71

A33Iz. .0 31 K95 11 13 1 h3 29 321 43 3 73 31 mi I A4 43 1

ca.I3I1. 1,356 53ý I . 754 1 4,4, m7 .47)) 6H1 mt. -.4-4. 78) "4

Se4- 179 544 92 13 22 ?L 911 15 ;.) 3 12 145 71 ' 1 .
Utah, 171 89 10') 99 9A i.00t 73 s 5 t):1 13.296 99H 3J.34 1In 4 3

'legion VII 1.896 597 85 899 66 89 4)3-7 641 H'4 1 369) -7 .I

Idah, 3144 13 7? 14)1 51 yz 11 4,)a. ,. 13
%1Io343 90.3 11 S57 73 3-2 s8 3918 17 1.1716 1" 1,2 17. 44 .

Ore . 3.310 3444 14143 352 1004 toi) 19H4 1004 3004 997 14O4 3I4 'M', 334 ..

Wash. 355 92 89 229 79 86 359t 418 7.6 .313 55 86 -o
Reglon Vill 3.669 59 75 637 72 84 717 61 77 -3,33 it7.U.

1V S . 24.759 731 16.96 50 1 82 G7.863~ IS 71. 13. 7)45 ii -t sI :



Surviving livestock will requirc care and feeding, even during the
first 7 days after the nuclear attack, when the dose that determines
their eventual survival or death is being acctunulated. Since the LSI. )
for anima-ls is of the same order of magni tude as that for humans, whlt

must care for t.heim, all livestock that will eventually survivo. as well
as some that may die in 30 days. could be taken care of if the farmer
has adequate shelter Ior himself. This as,4u, es that the exposure dose

to the human is maintair.ed within required ERD levels (discussed else-
where) by his remaining in shelter, with limited daily work periods
(2 hours twice a day) ill i1idiItt ikol fields Lo perfoi•m the Iiece.sai'y
chores.

The lethal dose to pasture land (7,500 roentgens) is so much larger

than the lethal dose to aaiimals (- 600 roentgens) that surviving animals

would be able to graze in the normal preattack manner.

A simuary of the estimated available postattack agricultural, crop.

animal, and poultry production per capita for the INM and MC attacks,

for existing and good shelters, is given in Table 50. The per capita

produtction was computed from the ratio of the agricultural products

available after attack (including the harvest of the crops planted at

the time of attack) to the survivors, divided by the ratio of the cur-

rent agricultural products available to the population. The existing

shelter for both the far'mer and the urban population has beeni defined
previously. The terni "good shelter" is defined as 100 psi blast shelters
for urban areas and fallout shelters with PF values of 1,000 for the
farllers,

Tile values of the per capita production potential in excess of 100

percent, for the existing shelter cases, are indications of the general
difference in the relative survival rates of the farmers to those of
the urban population for the assumed attacks. The relative survival
rate for the farmer over the urban population is actually greater than
any of the indicated ratios, because the crop availability was associated

with a 200 roentgen ERD exposure. The lowest values of the per capita
production potential are for the exposed animals; for these, the poten-
tial is reduced to about 50 percent for the good shelter condition for
tile HM attack.

Absorbed Dose in Humans

In order to be able to use the equations and procedures presented

In the second section of this report, it is necessary to specify the

hi.-an daily intake rate, U9 . for each nuclide, i. that is under consid-

oration. For this, it is, in turn, necessary to know the composition of

the h•nman diet in terms of the daily intake rate, Vf, of each food, f,
and al�o the concentrations. Cif, of each of the nuclides for which

absorbed dose estimates were available in each of these foods. Then

the following equation can be used:
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Talb)Ie 50

POSTA'TTACK PROIDUCTION POTE'NTIAL PEN CAPITA '
(Vnlukcs in Percent of Normal)

HIM Attack MC Attack
Existing Good Existing Good

Crop Shel te Shvlte Shel tel. ShelIter

Corn 92 92 92 97
Sor ghtuii 140 95 93 100
Wheat 88 84 80 92
Oat 102 99 92 99
Barley 88 88 72 95
Bean, dry field 112 102 112 l01
Soybean 130 98 101 9-/
Alfalfa 99 101 94 100
llay 98 100 93 100
Potato 99 76 86 82
Green pea 146 104 114 101
SuLgar beet 106 87 90 92
Tomato 131 85 109 98
Sweet corn 127 102 108 100
Snap bean 159 101 114 101
Cabbage 164 104 114 101
Oni on 144 97 108 98
Carrot 171 104 105 101
Let tuce 171 102 114 101
Apple 117 93 106 97
Peach 112 84 1II 99
Orange 126 88 114 101
Bull, steer, and calf 85 51 83 74
Mi lk cow 94 56 93 83
Swine 78 47 85 76
Sheep 106 66 91 81
Chicken 101 60 94 84
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The composition of the adult hwlman diet used In the dose calculat ions
is showil In Table 51. This diet. has babeu-en t biaied [roe th dat a in the
scCond section of this report. which lists the normal diet for 1955.
The original data are modified to include the fact that nruch of the diet
during the first few weeks or even month. after attack would he obtnined
from preexisting uncontaminated food sources and hence would "OL Conltr i-
bute to the son of Equation 63. Except for minor details and substitu-
tions, the diet of Table 51 is not very different from the U.S. Department
of Agriculture emergency diet.

in the present calculations, with the attack in June, only the local
fallout Collar contamination was used for the food ingested within the
first 9 months of the tLme of attack. All ingestion times of over 1 year
after attack, on the other I'and. were treated by using a combination of
uptake routes: (1) by food crops whose edible aboveground parts are
contaminated through root uptake of nueiides fown b•th local and world-
wide fallout during the month of harvest; (2) by food crops whose edible
parts are contaminated through root uptake of nuclides from both local
and worldwide fallout deposited up to planting time; and (3) by animal-
derived foods from animal ingestions from the first two sources. The
crop sources for the longer ingestion times are those from the first
crop planted after attack. This treatment parallels that for the inter-
nal contamination of the animal-derived foods discussed above.

To illustrate the magnitude of the absorbed doses to hufnans from
constmiption of the contaminated food sources, the Cif values for Equation 65
were selected from the national sunimaries of the contamination of all
food crops (and water) using the previously discussed concentrations that
do not exceed 50 and 90 percent of the available crop food of each kind.
While this procedure in no way connects the food source with a given sur-
viving consknier in a given locality, it assnies some distribution of the
foods so tilat, over tile wvfole oPuttr1:!on'", a -o-rge l.•nction could recei've
the absorbed doses represented by the computed median dose and that prob-
ably less than 10 percent of the population would receive the absorbed
dose represented by the computed 90 percentile dose.

After the intake rates Ut?, had been calculated for each ol the no-
clides in each of the postulated situations, the absorbed dose model was
utilized in the form shown in the second section oO this rep-rt. For foods
whose initial origin was pasturage (i.e., beef, mmiton, and nm ilk) a modified
model (see Reference 38) was used in the local fallout situations in order
to avoid overestimales of dose. For all other foods, however, the unmod-

ified absorbed dose model is sufficient, because loss of contamination is
taken ilto account in the fac!ors shown in Table '.w. The hildy organs
chosen as being critical are the total body, the lower' largo intestine,
the bone, and the thyroid. In each case, only those of the six ncl ides
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Table 51

HUMAN DIET VElRSUS TIME OF INGESTION

(Gruams pri Dav)

0

1 dav 14 dav' 183 days 365 days 5.18 d'vs

Milk lroductleL .,J ... J3 (2Xj

Meat, poultry.

and fish
Beef - a 81 81 81

Por k - - 74 74 74

Mut tol - - 6 6 6

Poul try - 46 ,46 -4G

Egg - 55 55 55

Flour and a

cereals (whena) - - - 222 222

Vegetables b b b

Tomato - - 43(2) ,3(2) 13(2)

Sweot corn - - 42(10) 42(10) 42(10)
Bean - - 34(27) 34(27) 34I(27)
Le tt uce - 23(0.9) 23(0.9) 23(0.9)

Cabbage - - 19(1.2) 19(1.2) 19(1.2)

Pea - - 15(3.4) 15(3.4) 15(3.4)

Onion - - 15(0.7) 15(1,7) 15(1.7)

Carrot - - 13(1.3) 13(1.3) 13(1.3)

Oils
Soybean - 52 52

Others -8 8

Sugar

Sugarbeet - 81 81

Fvui ts

Orange - - 60(8) 64(8) 64(8)

Apple - - 29(4) 29(4) 29(.4)
Peach - - 14(1) 140(l) 14(1)

Potato - - 117(27) 117(27) 117(27)

Water 1,000 1,000 1,000 1,000 1,000

a Dash indica.,. teisncontaminated food .vu s

b Values in parentheses indicate dry weight
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I hut Werc, expected to givye large~t cofltrlbutilons Ln 11t, kjip z*1ripd (lost, tt
Lth? orgun wvrv included lin Lte CoIUpULIL~i 0.. Al ter Htht dome c~ontributed
by each tate iitie was compuited. theu total absorbed dose was est-tiunn -il b%.
stimmnang the inudi vidual1 nucl1ide con I.rihut ions. Thle ajoR.11 facr mrs -onl-
S idUVOLd In t he cal culdatIion inctuded; (1) tile time tit Whidch ingce t Ion of
a contaminated food begins; (2) the period ott ingestion of thaft tuod-,
nnd (3) the percen tile cornt mine t ion-level of the diet 0I. e.. Lthe, nuc lide'

t')~ot rt OUof thle food i tems In Lthe diet., incl1uding water).

To facilitate the absorbed dose calculations, a table of absorbed
dO9~C MU IiApl iVI S, is&1 -U eivwi, p~er atoiic i nges I cd per day, wits pre-
pared for each radi onucliide and body orga-n of inter~est and I or eachI
selec ted inges tion starting tline and Ingest ion Peri od. Thle computed
Values Of tile MUlt ipliers9 1`o1 tl-e ROVera lnUC lideS are"- given In Table 52.
The absorbed dose calc ulattions for the -sclec tý2c organis a nd radi onuLC Ii ties
are stunmarized in Table 53 for exi sting shelter and in, Table 5.1 for grood
shldter', both for' the 191 at tack.

At both the 50 and 90 per'cenitile contamination levels, of the food
items lin the dliet, thle calculated absorbed dloses for the good shldter
case are fronm 2 t~o 10 times larger than those for thle existing shoit~er.
reflect b'g the relative capability to hiarveost and plant crops lin areas
of heavy fallout. The absorbed doses for the ingestions starting at
I duty are only from water sources,, thoge starting at 14 days are from
both water and milk conswuption. The largest doses from these sources
are fromt 1-131 fox, the thyroid gland. Thle calculated absorbed doses in
all Organs fromt Aie crops planted after the attack ave less than those
received from consumption of the standing crops direct ly contaminlacted
during, the skttakcic

The calculated doses for the lower large intestine are probablv
underestimates of the dose for that organ, esp~ecially for the 14 and 183
Ingestion starting times, because the contributions of many Insoluble-
type radi onuclIIdes are not included. Likely' food s-ources for thle con-
tribution of these elements would be green vegetables, such as lettuce,

As previnusly wiunti ,med. ino de4tal led ~edt'9w#~er ue ti 1 oble t',-r

estimating a reasonable mixture of contaminated foods for any group of
p~eople at any given time after attack. Therefore estimates of thle alo
sorbed dose for a continuous long-term paftterni of food Ingestion were
not attempted in this studcy: suitable methods for estimating thle time-
delays for processing and distribution of thle v'arious food Items Jin thle
postattack period could not be developed within tile time period of thle
S tudy,

The relationshi ps amongr tile total absorbed (lose, the time ovur which
it is rcceived. anid thle biologic ii effect produced (especially If the
external dlose is also considered) are not Well unfderstood. However, it
is safe to say that the comiputed doses for Lihe miiedian con-itamiinai.ionl
levels of food for both Shelter cases and the 11M attack would produce no
noticeable biological effects on adult humawns. Al so, it is tuil ikel V
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l .: b i' [ :AI t

I,'tlo{•' ,•)SI•\i ro'! aI i \l' H IUM IANS
VFIUAl M VI) COVfAN mv H; lIN AH'ACK( v7 'ts-i' c; smt isti

t -t 0) (ciia1 •)____

( dii,•; ) I1-.1 I 16, 5.18~

AL t nx lrtlm c oincent ra" loll 14,v% I,
I 1' li, , ,*•l l l i fr q ,

AIW('[-t 1.11'91 111 OR I' t 11.-

09 .). 06H P. 052 0.029 (),()21
9o- 0. 019 O, 5 O, 0.08 , 06 1

29 o. 035 0. 023 0. (01 4.001
90 -0. 076 0 . 210 0. 013 0,0112

Ilonse

29 - 0.07-1 0.031-1 0.010 0,007
90 - 0.20 0.28 0. 076 ).162

Thy roi Id

29 - 44 - -

90 -51 - -

At maximrui conceontration level
for 0.9 (if available foods

Lowor Large Intesit!nuv

29 6.3 5.2 3.2 0.25 0.17
90 11.7 9.9 9.3 0.70 0.50

Total B3OOy

29 0.37 0.64 0.29 0.02-1 0,020
90 0 ,Ul 1 .5 2.3 G.- 1 q , I

29 1.7 2.1 0.70 0.12 I 0.089
90 6.9 8.1 5.1 0. 88 0. 72

"i'llro l (I

29 .150 770 - - -

9o 610 950 - -

a III 1I" .B

139



Table 54

ABSORBED DOSEa TO ADULT HUMANS
FROM FOOD CONTAMINATED BY TH1E HM ATTACK: GOOD SHELTER

t-t to
o (days)

(da,,s) 1 14 183 365 548

At maximum concentration levels

for 0.5 of available foods

Lower Large Intestine

29 - 0.68 0.22 0.078 0.057
90 - 0.89 O.66 0.22 0. 17

Total Body

29 - 0.35 0.22 0,007 0.006
90 - 0.76 1.8 0.055 0.042

Done

29 - 0.74 0.29 0.039 0.031
90 - 2,0 2.5 0.30 0.25

Thyroi d

29 - 440 - - -

90 - 540 - - -

At maximnmi concentration level

for 0.9 of available foods

Lower Large Intest ie

29 6.3 13.7 10 0.88 0.66
90 1117 21.0 30 2.6 2.0

Total Body

29 0.37 5.1 2.7 0.069 0.061
D0 0.81 11.0 22.0 0.57 0,52

Bone

29 1.7 11 4.2 0.50 0.41
90 6.9 33 34.0 3.9 3.3

Thyroid

29 450 6,400 - - -

90 610 7,700 - - -

a In rem
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that any seriou•s effects would result from tile indicated doses at tile
90 percent: level. Although the calculations do not extend for Long-
period ingestions the 90-day period is sufficiently long forr achieving
the infinity dose from 1-131 to the thyroid (mainly from consumption of
water and milk). On the other hand, the calculations cover too short a
time period to assess longer-term effects from continued ingestion of
Sr-90 and Cs-137.

The absorbed doses from 1-131 to thyroids of young children at the
90 percent level for the existing shelter case, asstmitng about half the
average ingestion rate of adults, would be from 3,000 to 5,000 remis for
ingestions starting between I and 14 days after attack. For the good
shrlter case, tile higher thyroid dose would be about 40,000 rems; this
dose would be expected to be stufficient to result in serious early
effects in the glands of infants. While the exact circumustances tulder
which the doses for the 90 percentile contamination level could occur
are not developed in the current model, the indicated doses must still
be considered as possible, with a low occurrence frequency. At least
for growing children, it would appeal, that some minor late effects from

the absorbed dose in the thyroid. and possibly in the bone, would be
evidenced at the 90 percent contamination level.

During this study, the described radiobiological model was developed
and utilized for ironing the above stmmarized estimates for the first
time. Both the development and the utilization of the model during the
study provided useful guides in focusing attention on specific aspects
of biological processes and on tile many interrelations that require
attention in order for a quantity such as the absorbed dose to a single
human thyroid after a nuclear war to be estimated, Some of the major
factors that could not be evaluated with present methods include: (1) tile
time or times at which ingestion of contaminated foods could start for a
given group of people as a function of the postattack environment or
location of the group and as a function of the damage (and recovery) of
the processing industries and transportation systems: (2) the range of
time periods over which the contaminated foods would be ingested; and
(3) the range of nuclide concentrations in the various food items that
could be consioned by any local group of people.
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SUMMARY OF BIOLOGICAL AND ECOLOGICAL EFFECTS

General

'rite analysis and evaluation of the effects of nuclear war on biologi-

cal species and on their ecological systems depend on the availability
and organization of a great variety of data, background information, and

related concepts. These range from input information on weapon explosion
phenoinena and the initial interaction of these phenomena with biological
species, to information about the community behavior, the reproductive
habits and cycles, and the recovery mechanisms of ecosystems.

Fallout Deposition Models

No fallout model exists that will reliably predict all radiological
hazards at a given geographical location, not to mention the combined
exposure doses from beta and gamma radiation on plants, animals. insects,

and htunans. For example, of the several fallout models considered, the
total area within the 100 r/hr at 1 hr contour varies by as much as a
factor of 4. The simple fallout pattern scaling system developed by
Miller 2 was used in this study because it was derived directly from
selective analyses of evaluated weapons test data and because the output
information from the model is applicable to evaluations of both the
external gamma hazard and the internal hazard from radionuclide ingestion.

Some of the major unresolved problems include (1) definition of the

fallout formation process (including fractionation and solubility),
(2) radiological and physical properties of fallout from detonations on

likely target environments, (3) meteorological prediction techniques,
(4) foliar and plant-part contamination variables, (5) effect of local
environments on deposition patterns and radiation fields, (6) beta radi-
ation levels in selected contamination environments, and (7) influence
of weather and enviroinment on radiation fields, contamination of objects,
and nuclide transfer processes.

One of the most important areas of future research for improving the

fallout distribution models is continuation of studies that emphasize
the specification of the particle source geometry during the period of
fallout particle formation, as previously discussed. Continued research

is needed on further development of predictive methods for weather data
inputs to the models. Also, additional studies are needed on the appro-
priate operational use of early monitoring data by civil defense command
and control centers and by damage assessment centers for evaluating the

radiological hazard and for initiating transattack and postattack counter-
measures. Because of the unreliability of prediction methods, it appears
that these types of civil defense operations must be planned and scheduled
on the basis of observed information.
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Radiation Damage Criteria

The biological response, either to acute gamma radiation doses okr

to chronic doses (or both), is known for a few species, mainly the impor-

tant higher vertebrate domestic animals. Howe. .±r, most of the information

is for specific types of radiation source energies and exposure geometriet

that are not particularly representative of the conditions for exposures

to radiation from fallout. The biological response of all species to the

pattern of exposure in nuclear war radiation environments, such as a de-

caying source strength, intermittent exposures for different time periods,

and the rate of exposure dose received, are not known, quantitatively;

lack of information in this area is a major weakaess in the current state-

of-knowledge of biological effects from radiation exposure.

The mechanisms of biological recovery from radiation damage also are

not known. But the principle of biological recovery from all types of

injury is a f inoly established concept for indi vidual species as well as
for ecosystems. The accepted description of the effects of acute gamma

radiation doses on man have been deduced from scattered information,

allowing for liberal use of technical judgment in lieu of factual infor-
mation from carefully designed experimental investigations. Nevertheless.

the recognition that a set of effects information must exist to establish

damage criteria can be used to organize and categorize such information
in terms of (1) the degree of injury from which recovery would be practi-
cally certain, (2) the degree of injury from which recovery would be
practically impossible, and (3) the degree of injury from which recovery

is uncertain, depending on small di fferences in the degree of injury, the
state-of-health of the organism at the time, the amiount of treatment
available, and other factors.

For most species and ecosystems, because of many ,uncertainties in
the application of the available data and incomplete coverage of the

data, it is not yet possible to establish boundary conditions for injury

categories. For the cases where the degree of injury can be categorized,
damage assqessent studies would require details about the thir4 .d i• ury

category given above. Information about the details of this injtury cate-
gory is least known for all species,

"The use of damage criteria in civil defense system design can be
shown to be associated with the definition of the first injury category
(e.g., the degree of injury from which recovery would be practically

certain). While this use is undoubtedly recognized and applied in the
current civil defense programs, it is also apparent that the application
more often has been in the form of misuse because the emphasis in the

application has been on only one component of the system (i.e., shelter)

Some of the major unresolved problems inctude (1) radiobiological
response of important species of the biota (at various stages in their

respective reproductive cycle) to doses from exposure to gamma radiation
from deposited fallout in terms Of' tie enerj,' splect mUm, source geometry,
and exposure chronology, (2) radiological response of selected species
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of animals , plants, and insects to beta radiati on f ro1 fall out . and
(3) in.jury recovery mec hanlisms and dependent kariables.

Second-Order Effects

The second-order eflfects, such as the movement of soluble radio-
nuclides w thlin the biosphere, the response of species to a combination
ol nonlethal doses of radiation, or the crosion of land areas denuded by
high radiation doses or fire, depend on many interrelated (and independent)
variables and are poorly known. One main cause of existing controversies
regarding the importance of the second-order blological effects stems from
poor definition of the primary effects; another appears Lo arise from dif-
ferences in interpretation of the efficiency of repair and recovery mech-
anisms of ecosystems.

Two major factors In the repair and ree..very of biological communi ties
appear to be important. The first is the time period over which the in-
jury Is sustained. The second Is that the rate of the repair and recover*y
process, after injury, is usually slow, depending on the severity of the
injury.

Plant species tend to dominate all important terrestrial ecosystems,
and, since plants grow oln nutrients in soils, the most serious type of
injury to these ecosystems is one that leads to removal of the soil it-
self by erosion.

In the scale of injury that could result in a nuclear war, the cyclinig
of radionuclides into the food chain of the higher animals appears to be
a minor hazard. In the long term, it could be a general public health
problem. Although the currently available plant and animal uptake data
are incomplete and of rather poor quality, and occasionally are reported
in nonuseful units of measure, the conclusion that the scale of injury
from internal contamination would be low is generally supported by these
data.

The second-order effocts from a fractionation of the degree of injuPry
within the species of an ecosystem have not yet been thoroughly treated:
the insect. problem, secondary fires, invasion by weeds, and similar prob-
lems are of this class of second-order effects. Much applicable data are
known to exist. The compilation, organization, and analysis of Lhese
data are needed before second-order effects can be assessed.

At this time, all second-order effects from a nuclear attack appealr
to be unresolved. Some of the major ones are (1) damage leading to ero-
sion and floods, (2) role of insects in ecosystem recovery processes,
(3) ecological repair and recovery rates and dependent variables.
(4) energy and matter flow in food chains, and (5) combined injury (long-
term low-level) response of species.
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Coulnt erneas ures

Man Is a dominant factor in large segments of temporal ecosystems.
W-ilo it is possible to enunerate the types of countermeasures and con-
trol that man could employ to aid in the recovery of tfle nation (includ-
Ing all types of contiguous ecosystems) after damage from a nuclear
attack, it is not yet possible to establish the cost of preparation: re-
quired to accomplish a desired level of recovery, the real need of the
measures, or the capability of survivors to carry out anly and all such
conceived countermeasures. A better tuderstanding of the nature and
degree of the second-order effects is required before proposed counter-
measures can be evaluated, At the present time, protective counter-
measures against the immediate effects are more imp 1taut.

Attack Analysis Findin•fs.

The following specific conclusions were rt.ached with respect to the
model computat ions carried out on the 1IM and MC attacks during the study:

1. The nationwide recovery of the production potential of agricul-
ture would be readily achieved, in spite of the radiological
effects of the attack, if the farmers have, and utilize, pro-
tective shelters with a shielding PF of at least 10. The com-
puted per capita production potential of most crops for the
crop in the ground at the time of attack was approximately
uni ty for both the case of existing shelter (PF = 10) and the
case of good shelter (PF = 1,000 for farmers and 100 psi blast
shelters for urban population). However, for the good shelter
case under the IM attack, the livestock availability is reduced
to one-half of the preattack per capita level because of the
larger survival rate of the hkuman population in the cities.
Tile effect of other factors, stuh as the availability of power
and fuel, on the recovery of agriculture was not considered in
this part of the study.

2. The conswinption of foods and water contaminated by both local
and worl dwid(Ie fallout, wi thout any spec al decontanilnat ion
methods, would not produce absorbed doses to adult hmumans that
would result in significant early or late biological effects.
The same conclusion is applicable for infants that ingest foods
contaminated to levels equivalent to those computed for the
national median level, For foods contaminated to levels equiva-
lent to those computed for the national 90 perccentile level,
some lonin-term effects to "fan'.. from continuous ingestion.
would be expected, The important sources of these effects are
the assimilation of T-131 in the i;hvroid from early ingestion
of water and milk and the concentration of Sr-89 and Sr-90 in
the bone.
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3. All crops contaminated to levels loss than the 90 pereint l
level (national stuimary) of tile harvestablu crops would be
edible, fox' both the existing shelter case and the good slhelte,"
case and for both attacks. The hi ghest eiculclated absorbed
dose to body organs from ingestion of contaminated food and
water resulted from the deposition of small fallout particles
on the aboveground plant parts and in oxposed water sources.
TIie absorbed doses from consumption of foods obtained from
the first postattack crop (where tile edible plant parts were
contaminated through root uptake and foliar contamination from
worldwide fallout) were less than those from consumption of
tile contamination on the crops in the ground at the time of
attack.

4. No decontamination of agricultural land would be needed, and
no quarantine of agricultural laud because of contuamination by
Sr-90 and Cs-137 is required. Green leafy crops (and others)
that are contaminated to levels in excess of the contamination
level for 0.9 of the crop could be fed to animals.

5, About 10 percont of the forest land (coniferous and deciduous)
area would receive sufflciently high radiation doses so that
recovery to preattack conditions within about 2 years is ques-
tionable. In a smaller fraction of the forest land area, all
vogetation would be killed. About the same fractional areas
were involved in both assumed attacks.

6, In the HIM attack, the crops in 11 percent of the planted crop
land (all types) were destroyed (i.e., about 2 percent of the
area of the cowitry); in the MC attack, the crops in about 3
percent of the planted crop land (all types) were destroyed.
These estimates are probably somewhat low because the computa-
tions were presumably based on the response of mature plants
(data on the variation of the response with plant age being
nonexistent) and because beta dose responses were not considered
(no model and no response data being available). In addition.
some of the available dose-response data are questionable.
Therefore the estimated fractions of crops destroyed indicate
only the likely magnitude of the damage. No radiological or
ecological problems, except for delayed reentry because of (lose
limitations to the farmer, would be expected in tile planting
of the first crop after the attacks.

7, A large fractiun of the population has well-water sources avail-
able to them: these soturces are not expected to be contaminated
during all attack. (However, the availability of tile water woulct
depend on the availabil ity of power for pumpitng.) The constump-
Ition of contaminated water from exposed sources in ithe early
postattack period, neglecting natural and normal water treatment
decontamination processes, would not be expected to produce
serious somatic effects at tie 90 percentile (nationwide) VateLr
source contamination level.
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Within the reliabilily of cuvrent information on the biological T'es-
polise of spiCe is 10o radlittloi cxpo~urues. the above re'sults of Lhe study
lead to tie conclusion that long-torm biological and ecological effects
Would not be so severe as to inhibit or seriously delay the liational re-
covery after a nucloair atta'.k similar to one of those assusaed In the
study. Rathoe' the major problems of populaLion and biological reŽ0source
survival are concluded as being associated with the short-term biological
effects that would result from the oxposure of all biological species to
gamma radiation from fallout. The il Iev Iit ion of these off cc ts thus
centers on the availability of shelter for the protection of the popula--
tion and a local capability for' organized efforts to recover food and
water and othlr skurvival resources that would be requtreod to maintain
the health of the survivors as a coherent work force in the early post-
attack period. This is the time period al'ter attack when the need foil
knowl(jdgaable le .etderlh I p would be critical and when errors in recupern-
tivu actions would be most likely to lead to secondary fatalities.

The effects of radiation from fallout in some a,'ea.; of the country
could result in fatal doses to all higher forms of life in exposed con-
ditions. It is likely that a small fraction of the total land area -f
the country would be denuded of vegetation for a short period of time.
However, the location and extent of these areas, with respect to other
aspects of resource damage and economic recovery problems, are such that
tihe ecological consequences of the biological damage in these areas
could have little or no influence on natlrn• rn'covory. Essentially all
of the economically important agricultural land is recoverable within
the first year after attack, even foil thu c:ase of existing shelters.
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TITLE: Introduction to Long-Term Biological Effects of Nuclear War

By: Carl F. Miller and Philip D. LaRiviere

SUMMARY:

This report summarizes the state of knowledge and concepts about the reaction
of biological systems to effects of nuclear weapons under nuclear war conditions,
about the likely extent of damage to agricultural and wildlife ecosystems under nu-
clear war conditions, and about the factors Involved in the long-term recovery po-
tential of these systems after damage, In the study, an attempt was made to organize
the available Information for objective dlscussion of the subject, to outline the state
of the art regarding capabilities to use the information (as well as its availability),
and to make estimates of radiological effects using the available data and available
(or new) computational methods.

Within the reliability of the current information on the biological response
of biological species to radiation exposures, the results of the study lead to the con-
clusion that long-term biological and ecological effects would not be so severe as
to inhibit or seriously delay the national recovery after a nuclear attack similar to
one of those assumed in the study. Rather, the major problems of population and
biological resource survival are concluded as being associated with the short-term
biological effects that would result from the exposure of all biological species to
gamma radiation from fallout. The alleviation of these effects thus centers on the
availability of shelter for the protection of the population and a local capability for
organized efforts to recover food and water and other such resources that would be
required to maintain the health of the survivors as a coherent work force in the early
postattack period. This is the time peried after attack when the need for knowledge-
able leadership would be critical and wkhen ,rros in ,- c......,v W U, . ,
the most likely to lead to secondary fatalities.

For several assumed types of nuclear attack, the effects of the radiation from
fallout in some areas of the country could result in fatal doses to all higher forms of
life in exposed conditions. A few percent of the total land area of the country would
likely be denuded of vegetation for a short period of time. However, the location
and extent of these areas, with respect to other aspects of resource damage and eco-
nomic recovery problems, are such that the ecological consequences of the biolog'-
ical damage in these areas could have little or no influence on national recovery.
Essentially all of the economically important agricultural land is recoverable within
the first year after attack for the case in which the existing ,helter system is used.
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